Analytic Combinatorics of Non-crossing Configurations by Flajolet, Philippe & Noy, Marc
HAL Id: inria-00073493
https://hal.inria.fr/inria-00073493
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Analytic Combinatorics of Non-crossing Configurations
Philippe Flajolet, Marc Noy
To cite this version:
Philippe Flajolet, Marc Noy. Analytic Combinatorics of Non-crossing Configurations. [Research









ap por t  




















nK qQL7Q tNMPO7QQ kMLOQ NOXSRjLUaYLOQWNQ [paWTNUaYiMNUT c@L
VXjNOLXWji Q
J` X]V QW[YpNZRjX
[ TPMPXj` []\_Q ` Q]a KMQW`Ya KMQM hZiMLOk elfjfZm^M t`_ P T`RjQT
a#bdcefhg>iheSj nKMLZT PTPQW`k\_QTYaY` LZVQT TlT c@T [ QL T[ LUa T PMPM` X_Tja K?[ XI[ KMQQWk_i&L7QW` T [ LOXjkuX`mkn k Xjk@o
aY` XpTqT LOk&RprsRZQWXpL7QW[ ` L asaYXjk@tuRjiM`YT[ LOXZk&TVMi L NO[7Xjk"vZQW` [ L a QT"XhmTaYXZkBvZQwyx<o:RjXZk LOku[ KMQPMNUTkMQpz{[` QWNOL QT XZkIRjQ kMQW` T [ LOk&R#m iMk aY[ LOXjk&Tl\>T c@L
V XZN LUa|L QW[ KMX&\@T]\uT LOk&RZiMNUT` L [c T k TNOc@T LZTl\ T k>\JT LOk&RZiMNUT` LO[c7P QW`}o
[ iM`~V T [ LOXjkUzY a Xjk&T QWZiMQWk aYQ LTQw TZaY[:T k>\ThT c@L PM[ Xj[ LUaa XjiMk_[ LOk&R ` QT iMNO[qT5m XZ`[ ` QWQTl\Sm Xj` QT [qT]\@Rj`YTPMK<T]\
aYXZkMkMQ]a [ Q\7RZ` TP K&T]\\_LZT~T Q]aY[ L XZk&T]\ T k>\ P T ` [ LO[ L XZk&Tz#LL7LO[
NUTTXhm[ KMQO.T i&T~T L T k"[c_P Q T` Q TNZT XQT}o
[YThVMNOLZT KMQ\"LOk"[ KMLZTm `YThL Q
XZ`~M[ KMQWc aYXZk aYQW` kT
vjT ` LOQW[c Xhm
PT` T`L QW[ QW`~T NOLZjQ k_i&L
VQW`pX`m
NOQ]TvjQT LOk
[ ` QWQTl\k i<L
V QW`X`m@aYXSL PXjkMQ k [qT
XZ`Q\@RZQTpLOkRj`YTPMK&Tl\_QW[ a`z
k L [&QQ\_Q ` Q]a KMQW`Ya KMQ
{ b8[|{:Yy[ X aWji QWk aYXZiM` [
 XpL T LOkMQ8\_QXjNOi a Q]Ti\&[ XMaWZiMQWk aYXZiM` [l\
J?eSM\MmSMeZdrso r5MbYdQ\_QwkR ` T k aYQ







 j QW[T` [ LUaYNOQ \QQ]a ` LO[ i kMQ"TPMPM` XMa K QT c@T [&QQL T[ LXWZiMQ T i \QQWk XpL
VM` QL QWk_[\_Q aYXjk@tuRji@o`YT[ LOXZk&TR5QQ XpL"QQ [ ` LXWZiMQTnqT Tk<T aY` XZLZT QL7QWk_[~T~raYXjk&T [ ` iMLO[ QTT iM` N QTT XSLL Q [~T \ i k x<o:RjXZkMQ a Xjk@vjQwMQ
PMNUT kz TPMP ` XMa KMQ.` Q P XST QT iM` N QTm XZk aY[ LOXZk&TR5QQWkQQW` T [ ` LUaYQT]\ NOQT^L"QQW[ KMX&\_QTT c@L
VXjNOLXWZiMQT]\_N TkTNOc@T Q
\_QJT LOk&RZiMNUT` LO[&QQT Q [ NUT7P Q ` [ i `~V T [ LOXjk"\_Q
T L k<RjiMNUT` LO[&QQTz kQWks\QQ\_i L [
\_QT `&QQT iMNO[ T [~T [ T k [ Qw Tja [~T
WZi ThT c@L PM[ Xj[ LXWZiMQT P XZiM` T `~VM` QT]\dm Xj`QW[~Tl\5RZ` TP KMQT aYXZkMkMQwMQTQW[R5QQ k]QQW` T i@w\ \_LZTqT Q]aY[ LOXjk&TQW[ P T ` [ L o[ L XZk&Tz" QTNOXZLT NOLZL LO[ QT\_Qm XZ`~L QTR_Ti&TqT LOQWkMkMQ `&QQT iMNO[ QWk_["QQR_TNOQL Q k [
\_Q a QW[ [ QIL"QQW[ KMX&\_QpQ N NOQT
aYXZk aYQW` kMQWk_[pNOQkMXSL
VM` Q\_Q|m QWiMLONONOQT \MT k&T
NOQTT`~V ` QTl\MNOQkMXpL




 ! "#$%%& !'(&)$	$*+
- ./202/13354k6^0:9<;=>024@?
, 0.-u=>E/1?.0/!1-E=>;4&FS?@A32H5462 , 4
=F*7984*:5Fp=;8E?@A56=<?>@BA*C;DFE4G.41?:59@K+H6EG9I:5FS4KJ
CD9<EhFIHJ=&K
















nKMQ QWk_i&L7QW` T [ LOXjkX`m PMNUTkT`aYXjk@tuRjiM`YT[ LOXZk&T]\ Qt kMQ\ XjkvZQW` [ LUaYQTpX`m TaYXjk@vZQw x<o RZXjk7K ThTT.NOXZk&R T k>\
\_LZRjk L tQ\"K LT [ XZ` c@z{kIe]mSjd \ r@iMNOQW` Tku\k_QRjkMQW`aYXZiMk_[ Q\[ ` LUTk&RZiMNUT[ L XZk&TMu[ KMQQWNON o _kMXhkTk&Tq
QW`
LOk@vjXjNZvZQT.[ K Q+T [ T N T k k_i&L
V Q `~T:M T k>\ XZk[ KMLZT XMaWaWT`T LOXjkuri N Q ` LOk@vjQWk_[ Q\IaYXpL
VMLOk T [ XZ` LUTNRjQ kMQW` T [:o
LOk&R
miMk aY[ L XZk&Tz
_LOk a Q [ KMQWk\UL T k c7Xj[ KMQW`.aYXjk t>RjiM`YT[ L XZk&T K TvjQVQWQWk QWk_i&L7QW` T [ Q\^T Q Qm Xj` LOk&T [YTk a Q
XpL[ QW[ T5VX_Xp£§ g\¨ \Sm XZ`:T k TZaWaYXji k [X`m_kMXhk7` QT iMNO[~TznKMQ LOk [ QW` QT [m XZ`T i a K"aYXjk t>RjiM`YT[ L XZk&TaYXpL7QT
t `qT [Tk>\ m Xj` QL XST [m` XpL?[ K Q:aYXSL
VMLOk T[ Xj` L aT Xhm aYNUThTqT LUaWTN@T [ ` iaY[ iM` QT%§ g©¨ \V iM[ T NT Xm ` XpL aYXpL7PMiM[YT[ LOXZk TN
RjQ XpL Q [ ` c_\_Tk>\7QvZQWk"[ K Q LOk_[ Q ` PM` QW[ T [ LOXjk XhmPQW` [ iM`~VT[ LZvZQ.QwMP Tk<T LOXjk&TLOkJT [ T [ LZT [ LUaWTNPMK_cBT LUaT$§ m¨~z
nKMQ PMiM` P XST Q Xhmp[ KMLZT P T P Q `LT [ Xs` QoQw ThL7L k Q [ K QT Q PM` XpVMNOQLJT.LOk [ KMQ NOLZRjK_[.Xhmp` Q]aYQWk_[JRjQWkMQ ` TN
L Q [ KMX&\@T.X`m#ªQ«Kª¬n­®v¯°T°f±Q²³\¯«Kª®±Q´\¯°fµ§Oe_M\tS\¨}zRL `qT [ [ K T k&@T [ XkT c@L
V XZN LUaL7QW[ K X \ T%\_QvjQWNOXjPQ\ V c
vjT` LOXji&TT a KMX_XZNT§ _M\Me_M\Me \ eM\tp \tjfM\Zdjt\¨ \[ K QW` QLZTT^T c@T [ QL T [ LUa
T k>\ PMiM` Q N c m Xj`qL TN_aYXj` ` QT P XZk>\_QWkaYQ
VQW[:
Q QWkuaYXpL
VMLOk T [ XZ` LUTNaYXZk&T [ ` i aY[ LOXjk&T T k>\
¶j·?«;·?´fª®v¯«*¶¥¸?¹*«K°®v¯±Q«*µz7{k[ KMLZTTlc \UT PQ]aYL t aWT [ LOXjk<TXhm
aYXSL
VMLOk T[ Xj` LUT NT [ ` i aY[ i ` QT aWTk VQ [ ` Tk<T NUT[ Q\T iM[ XSL T[ LUaWTNONOc L k_[ X RZQWkMQW`YT[ L k<RIm i k aY[ LOXZk QWZi T[ L XZk&Tz
nKMLZT T PMPM` X Tja K"LZTl\ T`T8Q.PM` XjPXpT Q [ XJT KMXh.\QT P QlaYLUTNONOc Qº Q]a [ LZvjQKMQ ` Qj\T LOk aYQ PMNUTk T ` LO[c QWk_[YTLONZTkMQ]T[
\_Q]a XpL PXpT LO[ LOXjk&TumXj`[ KMQPMNUTk T ` aYXZk@t>Rji ` T[ LOXjk&T[ X8VQQWk_i&L QW`YT[ Q\z_Q]aYXZk>\ \jT k TNOc_[ LUaUL QW[ KMX&\@TVThT Q\
Xjk [ KMQ.Tk T N c@T LTXhmT LOk&RZiMNUT` LO[ L QT§Oe]d\¨RZLZvjQ T [ `YTk&T P T` QWk_[ TZaWaYQTqT [ X T`T c@L P [ Xj[ LUaaYXjiMk_[qTp[ KT[PMNUTLOkMNOcTP P Q]T ` T`TL Xj` PMKMLUaLZL T`RjQTX`m[ KMQ NOXMaWTN QwMP T k&T LOXZk&TXhm5RjQ kMQW` T [ LOk&Rm i k aY[ LOXZk&TkMQ]T `pTT LOk&Rji N T ` LO[c@z
nKMLZTPM` XSRj`YThLL7Q.LZT a T` ` LOQ\XjiM[KMQ ` Q Xjk T L wXhm [ KMQL XST [VThT LUa PMNUTk T `kn kMXjk@o aY` XpT~T LOk&Rpr aYXjk o
t>RZiM` T [ LOXjk&T [ ` Q QT Tk>\ mXj` QT [~Tl\5RZ` TP K&T Tku\aYXZkMkMQ]aY[ Q\ Rj`YTPMK&Tl\5\_LZT~T Q]aY[ LOXZk&T T k>\P T ` [ LO[ L XZk&Tz nK Q
RjQ kMQW` T [ LOk&R#m iMk aY[ LOXjk&T L k@vZXjNZvjQ\7T` Q TNONxª¬¶j·W³\´tª¯°¤¸?¹*«K°f®v¯±«*µj\ TPM` XjPQW` [c [ XJV QNT XpL7QK T [QwMP Q]a [ Q\
e
RjLZvZQWk.[ K Q:aYXZk_[ QwM[:o2m ` QWQpa K T`YTjaY[ QW`Xhm[ KMQT Q
XSVjVYQ]aY[qTzo Xh
QvZQW`]\ [ KMQWLO`Um XZ`~LTT ` QT XSL QW[ LL7QTL XZ` QaYXSL
oPMNOLUaWT[ Q\ [ K TkK T [LT QWk aYXZiMk_[ QW` Q\sL k [ KMQT[YTNUTkI\_XSL T L k a XpL P ` QWKMQ k&T LZvjQ N c7` Qv_LOQQ\ V cO Xji N \
LOkF§Oelm\¨}z K¯ «*¶©¹*¬ ªQ´?¯ ®v­ª«KªQ¬ ­µ?¯ µ[ KMQWk L ThZQTpLO[ P XST~T LV N Q[ XI\_QW` LZvZQPM` Q]a LT QQT [ LZL T[ QTUT Q Q QT P Q]a L T NON c
Xji `nKMQWXj` QL _>zU{k TS\&\_LO[ LOXZk\ TNRjQ kMQW` T N T PMPM` X_Tja K Xhmn~T LOk&RZiMNUT` L [c PQW` [ iM`~V T [ LOXjk"T`T c@L PM[ Xj[ L aT~r6§Oe]t\¨
PQW`~L7L [qTi&T[ X` Qt kMQ[ KMQ
aYXZiMk_[ LOk&RQT [ LZL T [ QTTk>\\ QW` LZvjQ=¬n¯²¯ ®9¬ª µm XZ`L Tk_cP T`YThL7QW[ QW`qTX`m LOk_[ Q ` QT [z
O LZvjQWks[ KMQvjThT [pNOLO[ QW`YT[ i ` Q Xjk"[ KMQT i&VjVYQ]a []\U
Q a TkMkMXZ[ QwMP Q]a [.[ X\_QW` LZvZQ XZkMNOc kMQ ` QT iMNO[~TXZiM`KMXZP Q LZT[ K T [[ KMQ iMk L tQ\7[ ` QlT[~L7QWk_[
P ` QT QWk_[ Q\sKMQW` Q aYXji N \#V Q X`mL Q [ KMX&\_XZN XSRjLUaWT NMLOk [ QW` QT [ T k>\7[ K T [
[ K Q.PM` QT QWk_[ P TPQW` aYXjiMNX\7TNZT X
T QW`~vZQ ThT T.P T ` [ L T NT iM`~vZQWc X`m@[ KMQ.[ KMQ QWk_i&L QW`YT[ LvZQj\ T`T c@L P [ Xj[ LUa\ T k>\
PM` XpV T`VMLON LZT [ LUa
T`T PQ]aY[qTXhm kMXjk@o aY` XpT~T LOk&R aYXZk@t>Rji ` T[ LOXjk&TznKMQpTk T NOc [ LUa
T PMPM` X_Tja Km XZN NOXhQ\ KMQ ` Qj\@KMQ k
aYXZk [ ` T`T [ Q\u[ XlL XZ` Q"aYNUThTqT LUaWT NSa XpL
VMLOk T [ Xj` LUTNVML VYQ]aY[ LvZQ"PM` X X`m1T]\ PM` XhvZQT QT PQ]aYLUTNONOcIQfº Q]aY[ LZvZQkKMQ k
Qw Tja [m XZ`~LiMN Q L [ KMQW`^V Q]a XpL Q [ X X LOk_[ ` LUaWT [ Q Xj`mTp\_Q.TTlcBz
{k [ KMQt `qT [5T Q]aY[ LOXZk&TXhm [ KMLZTP TPQW`l\k_i&L
V Q ` Q\7ej\ tM\ d \Q L ThjQQwMPMNOL a L [[ KMQVThT LUa\_Q]aYXSL PXpT L [ LOXjk&T
Xhm[ KMQNT L wm i k>\MThL7QWk_[ T NM[c_P QT XhmPMNUTk T `paYXjk@tuRjiM`YT[ LOXZk&T:a Xjk&T L \ QW` Q\ z Q a K T`YTjaY[ QW` L	WQ LOk Q]TZa KaWThT Q
[ K Q:aYXZiMk_[ LOk&R^RjQWkMQ ` T[ LOk&R^m iMk aY[ LOXjk&TUV c [ KMQ L7LOkMLZL TlNlP XZN c_kMXSL LUTNlQWZi T [ LOXjk.[ KMQWcTYT[ LT}m c_\K L a KT QW`~vZQT
[:X
RjX T NZTLOkT XpL7Q.aWThT QT]\[ K LT NOQ]Tp\@T[ XQwMPMNOLUaYLO[paYXjiMk_[ L k<R` QT iMNO[~T#L k"T N Na ThT QT]\[ KMQ QWZi T[ L XZk&T a Tk
VQm Q\ LOk [ X.[ K Q ThT c@L PM[ Xj[ LUa L TZa K L k QW` c.X`m_Q]aY[ LOXjk_\NOQ]Tp\ L k<R.QvjQ k [ i TNONOc [ X.[ KMQpPM` Q]aYLZT Q.T`T c@L PM[ Xj[ L a
QT [ LZL T [ QTXhmnKMQ Xj` QL _>zU{k TS\&\_LO[ LOXjk\hL T k c P T`YThL Q [ QW`qT
X`mL k_[ QW` QT [pT` QpQ]T`T LONOc [YThjQ k LOk_[ X TZaWaYXji k [
V_cV LvjT ` LUT[ QRjQWk QW` T [ LOk&Rm i k aY[ LOXZk&T]\Z[ KMQ aYXj` ` QT P XZk>\_LOk&R QWZi T[ LOXjk&TT QW`qv_L k<R ThTLOkMPMiM[[ X.[ K Q8VMLZvjT` LUT[ Q
ThT c@L PM[ Xj[ LUaP ` XMaYQTqT
X`m _QlaY[ LOXjk<zY aYXZk&T QWji QWk aYQj\<T [YT[ Q\ L k nKMQWXZ` QLM\LZT[ KT[
T N N_[ KMQP T`YThL7QW[ QW`qT
\_LZT a i&T~T Q\ \Qpz R>zO\_[ K Q k_i&L
VQW`XhmQ\@RjQTpXj`pa XpL PXjk QWk_[~TL k7kMXjk o aY` XpTqT LOk&R
Rj`YTPMK<TXhm@TNt<w Q\T L	WQj\MKTvjQ
\_LZT [ ` LZVMiM[ LOXjk&T[ K T[pT ` QO.Ti<T~T LUT k LOk [ KMQ.ThT c@L PM[ Xj[ LUa N LZL7L [z

 7bg&e>f2gf   g&f  c  Q [ "!$#% &#$'''(#% *)V Q TNt&wMQ\T Q [pXhmP XZLOk [qT]\aYXjk@vjQ k [ L ok T N NOc.XZ` \_Q ` Q\7aYXjiMk_[ QW`:o aYNOXMa~@LZT QZ\M[ KT[
T ` QvjQ ` [ LUaYQTXhmT.aYXjk@vZQw PXjNOc@RjXZk\m XZ`LOk&T [YTk a Qj\_[ KMQvZQW` [ LUaYQT
XhmT ` QRZiMNUT`8x<o:RjXZkz QtkMQ.T5«K±Q«,+t°\´t±©µfµ¯ «*¶¥¶Q´tª.-/ T`TpTRj` T PMKLO[ K vZQW` [ Qw T QW[  KMXpT Q Q\@RjQT T` Q
T [ ` T LRZK_[N LOkMQT QRpL7QWk_[~T[ KT[8\_XkMXZ[paY` XST~Tz _QvZQW` T NaYNUThT~T LUaWTNaYXSL
VMLOk T[ Xj` L T NMXpVjV Q]aY[~T.aWT kV Qv_LOQQ\
ThT kMXZk@o aY` XST~T LOk&RJRj`YTPMK&T2
Q.XSL LO[[ K QWZi TNOL t QW` kMXjk@o aY` XpT~T LOk&RJm ` XSL kMXh XZk>z R Xj`pLOk&T [ T k aYQj\ [ ` LUTk o
Rji N T [ LOXjk<T X`m:T aYXjk@vZQw PXjNOc@RjXZk T` Q
Rj`YTPMK&TNL [ K [ KMQ
L TGwMLL i&L k_i&L
VQW` XhmQ\@RZQT5\ LTqT Q]a [ LOXjk&T Xhm
T a Xjk@vjQw"PXjNOc@RjXZk T ` QRZ` T PMK&T a Xjk_[ T L k L k<R[ KMQ Q\@RZQT0 !  & #% &  12#$'''(#%   ! kMXZk@o aY` XST~T LOk&R7P T` [ LO[ LOXZk&TT` QRj`YTPMK<TKMXpT QSa XpL PXjk QWk_[~TpT` Q P XZL k_[qT]\_Q\@RZQTpXZ`paYcMaYNOQTz
 Q.` QlaWTNON[ K T [.T
Rj`YTPMKsLT aYXjk kMQ]aY[ Q\L mT k_c [:XvZQW` [ LUaYQT.aWTk7VQ:VYXZLOkMQ\JV_c T P T[ Kz^Y9[ ` QWQLZT
T"aYXZkMkMQ]a [ Q\ITja c a N LUaRZ` TP KTk>\[ KMQk_i&L
V Q `.XhmQ\@RZQT LOkT7[ ` QWQ LZT XZkMQ NOQTqT.[ KTk [ K Q k_i&L
VQW` Xhm
vjQ ` [ LUaYQTzY m Xj` QT [LZTpT k Tja c a N LUa^Rj`YTPMK\MXj`TRj`YTPMKKMXST Q.aYXSL PXjkMQWk_[qTpT` Q [ ` QWQTz
 QW[43 VQ TaYNUT`T~TpX`m
aYXpL
VMLOk T [ XZ` LUTNXpVjVYQlaY[~T.Tku\ NOQW[65 785 V Q [ KMQT L	WQ X`m
Tk XpVjVYQlaY[079:3 z{2m3 
\_QWk Xj[ QTp[ K Q.XpVjVYQlaY[~T L k;3 Xhm5T L	WQxTk>\:7"<5 3=>5 \_[ KMQWks[ KMQ XZ` \_LOk T ` c&=¶j·?«K·\´tª©® ¯ «*¶x¸\¹«;°f®v¯±Q«\>O.R
m XZ`T KMXZ` []\ Xhm[ KMQ.aYNUThTqT?3 LZT
@ BApC<D
EGFGH
A,I E IJKDLNM 7  A
 '
oQ ` Qj\_[ KMQT L	WQX`m T^Rj` T PMK LTLO[~Tk i<L
V QW`XhmvjQW` [ LUaYQTTk>\N
Qpa Xjk&T L \ QW`5vjT` LOXji&TaYNUThT~T QTXhm kMXjk@o aY` XpT~T LOk&R
Rj`YTPMK<Tz
nKMQW` Q LZT.T \ L ` Q]aY[ a Xj` ` QT PXjku\_QWk aYQVQW[:QWQWklT QW[:o[ K QWXj` QW[ LUaXZP Q ` T[ LOXjk&T XZ`In a Xjk&T [ ` iaY[ LOXjk<T~rBSXjk
aYXSL
VMLOk T[ Xj` LUT NaYNUThT~T QT.Tk>\sTNZRjQV ` TLUa XZP Q ` T[ LOXjk&T Xjk7O.Rz R Xj` T k"QwMPXpT LO[ L XZk"Xhm[ KMQT c@L
VXjNOLUapQ k i o
L Q ` T[ LOXjk7L QW[ KMX&\ \T QWQJm Xj` L k<T [ T k aYQ§Oe_M\tp\¨~z"nT`VMNOQ"e
T i&LJL T ` L	WQT [ K LT aYXj` ` QT P XZk>\_QWk a QIm XZ`.[ K Q
XjPQW`YT[ LOXZk&T.[ KT[.T` Q i&T Q\LOk [ KMQP T P QW`z nKMQW` Q n iMk L XZk&rL7Q]Tk<TpiMkMLOXZk X`m]\_LZT VYXZLOk [ aYXjP L QT]\^n PM` X \Bo
i aY[qrLZT
[ KMQ i&T i T N aWT ` [ QT LUTk PM` X&\_i aY[l\5n~T QWZiMQWk a Qr
m XZ`~LJT5T QWZiMQ k aYQTl\Tk>\ n~T i&V&T [ LO[ iM[ L XZk&rO3PRQTSVU
aYXZ` ` QT PXjk>\@T [ X
Rj` TGm [ LOk&R XpVjV Q]aY[~T XhmU"Xjk kMX&\_QTX`mCQ8z
rk_i&L Q ` T[ LOXjk&TTjaWa Xj` \ L k<R [ XkT LW Q T k>\T kTi@wMLONOLUT` cP T ` ThL7QW[ Q `0X T ` QI\_QTYaY` LZVQ\sV_c VMLZvjT` LUT[ Q
t
  ±«*µf® ´\¹ °®v¯±Q« - ·\´tª©® ¯.±Q«±«
 kMLOXjk 3  QU @ BApC	BAp
BAp
J@` X&\_i aY[ 3  Q U @ BApC	BAp% Ap
 QWZiMQWk aYQ 3 	 Q  @ BApC e  e AS~
 i&V&T [ LO[ iM[ L XZk 3  Q SVU @ BApC	 AS~
nThVMNOQ.eSnKMQV T`T LUaaYXSL
VMLOk T[ Xj` LUT N a Xjk&T [ ` iaY[ LOXjk<TpTk>\ [ KMQWLO`[ `YTk&T N T [ LOXjkLOk_[ XNRjQWkMQ ` T[ LOk&RmiMk aY[ L XZk&Tz
RjQ kMQW` T [ LOk&Rm i k aY[ LOXZk&T]\ Xj`8O.RUT]\
@  A#8 D FGH A I  I   "!  D# $L8M @ %# $A   $ #
LO[ K @ # $ [ K Q k_i&L
VQW`XhmXpVjVYQ]a [~TXhmT L	WQx+L [ K X oP T ` T`L QW[ QW`
QWjiTN [ X'& znKM` XZi&RjKMXZiM[[ KMQ P T P QW`
[ K Q vjT ` LUThV N Q A LZT` QT QW`~vZQ\Jm XZ` L T`q LOk&RvZQW` [ L a QTpX`m [ K Q \_L º QW` QWk_[^ LOk>\ T
X`mRj`YTPMK<T]\MTku\[ K Q vjT ` LUThV N Q m Xj`L T `~_LOk&R.TT Q]aYXjku\MT` c PT` T`L QW[ QW`]\ZNOLZjQpNOQ]TvZQTL k7[ ` QWQTpXZ`
Q\@RjQTLOkJRj` T PMK&Tz5N T`T~T QTpTk>\ [ KMQ L `
O.RUTpT` Q.aYXjk&T LZT [ Q k [ NOc+\ QWkMXj[ Q\V_c[ K QT T`L QpNOQW[ [ QW`qTz
 Q8LONON k QWQ\ ` QWP QlT[ Q\_NOc [ K Q ThRZ` Tk<RjQo~)(i `~L T kMkLOk@vjQW`qT LOXjk7[ KMQWXZ` QL5LOk XZ` \_QW`[ X Qw [ ` TZaY[paYX_QmXo
t aYLOQWk_[qTpXhm5O.R [ K T[TYT[ LT}m cm iMkaY[ LOXjkTN QWZi T [ LOXjk&TX`m [ KMQ.LZL PMNOLUaYLO[[c_P Q§ gM\ eM\Mtp_\djt\¨~*5g+ufhg,+   -  fpc   V/.B·f®,0U21u¥³f·$ª¸±Q´?²ªQ¬"- ±]·\´aµW·\´?¯·µ3¯®/30 M54 76]ªQ«98¢¬·®:BAp³t·¢® / ·¢¹«I¯<;?¹·%¸±Q´?²ªQ¬N-±"·?´µW·\´?¯·µ¥µW±Q¬ ¹S® ¯±«_±v¸¢®/··;\¹ª®v¯±Q«=:  A0U>:%@?A/ ·\«® / ·
°t±·CB °\¯·\«*®a±v¸D<:
6;¸W±Q´$ªQ«ªQ´³?¯ ®v´tª´?­%µW·\´?¯·µEDF6]¯ µa¶Q¯HGQ·?«£³?­
§ A  ¨<D>:
 AS~V ex §I1 %J>! ¨<0U21u  D,K21> 'L?«6-ªQ´f®v¯°\¹*¬ªQ´M6 ¸±Q´$·NGQ·\´?­O&QP"T"·4/ ª"G©·
§ A  ¨H:
 AS $  &x § 1 JR$ ¨<0U1>  '
T`Rj`YTk&RZQpLOk@vjQW`qT LOXjk7XpV@v_L XZi&T NOcTPMP N LOQT[ X
V LvjT ` LUT[ QRjQWk QW` T [ LOk&Rm iMkaY[ LOXjk<T
iMPXjk [ ` Q]T [ LOk&R [ KMQ.Ti w LON o
LUT` c
vjT` LUT`VMNOQ ThTpT PT` T`L QW[ QW`z
S T    8   p 8U	
{k [ K LTNT Q]aY[ LOXjk T [ ` Q QL QlTk&T.T kMXZk@o aY` XST~T LOk&Rs[ ` Q Qj\
T k>\ TJm XZ` QT [.LZT T kMXZk@o a ` XpTqT LOk&RmXj` QT [zIThT LUa
\_Q]a XpL PXpT LO[ LOXjk&T` QU Q]a [.[ KMQNRjQWXSL QW[ ` LUa^T [ ` i aY[ iM` QX`m@[ ` QWQT Tk>\ m Xj` QT [qTRLZR>ze T k>\ tpW\uKMLUa K"NOQ]TS\@T
[ X T NZRjQVM`YTLUaRZQWkMQW`YT[ L k<Rm iMk aY[ LOXjk&T[ K T[PM` XhvjQ [ X
VQ.ThL7QWk ThV N Q [ XThRj`YTk&RZQpQwMP T k&T LOXZkzV)W  >f  YXDZ1[A/ ·«¹*²#³f·\´¥±v¸$«;±Q«,+t°\´t±©µtµ?¯« ¶¥®v´t·f·µ3¯ ® /xGQ·?´f®v¯°f·µ}·;?¹ª¬µ
\   etpx] e ^ dpx] dxQue`_ #
ªQ«a8® / ·«¹*²³t·\´¥± ¸$«K±Q«J+t°?´f±µfµ?¯«*¶® ´f·t·µ¤¯ ®/xGQ·\´f® ¯.°t·µ}ª«98b&£¬·fªcGQ·fµ$¯ µ¥·;\¹ ª¬9®±




RLZRjiM` Qep5iM[ [ QW`U LOQT PQWk>\_LOk&Rm` XpL vjQW` [ Qw  ! z
2Z>Z1[A/ ·=«¹*²³t·\´± ¸®v´t·f·µ 3¯ ® / 8j· ¶Q´t·f· - ª´f® ¯® ¯±«
:xNM2#x!$#'$'' #x  6C/·?´f· x> x_ª«98 Z2x x] e"63¯ µ¥· ;\¹ªQ¬ ® ±
e
xU x]ue ^ xxNM"#x!>'$''%# x  _ e  t 
	  
?e 
 D  f ! ZZ




Def ! etSxQ=g ^ xg ue_ ^ dSxQt g uetpx] g) e_ #  e
ªQ«a8® / ·«¹*²³t·\´¥± ¸3¸W±Q´f·fµf®.µ3¯®/x
«K± 8j·µ¥ªQ«98b&°f±Q²4- ±«K·\«*®µ¯ µ
%# $  etSxQ & ^ x&5ueN_ ^ dpx] t&5uetpx] &5Ie/_ ' tS
2Z  pQA/·  F± ¸K¸±Q´t·µf®µ69® / · _±v¸"®v´t·f·fµªQ«98¬·fªcGQ·µ 6Uª«98=® / · F±v¸;¸W±´t·µt®.µxª«98¥°f±² -±Q«K·\«*®.µ6
ªQ´f·¥ª¬¶j·W³\´tª¯°0¸?¹*«K°®v¯±Q«*µ%¶Q¯HGQ·?«³?­c6ªQ«a8 "?
n` QWQTQW` QNt `~T [.QWk_i&L7QW` T [ Q\ V_ck iMNOi aW"T k>\ JQWkTi>\§ f¨ \ Tk>\s[ KMQ L ` ` QT iMNO[.LZTT i<LL T ` L	WQ\7LOk
P T ` [J2Z2.X`m:[ KMQ [ KMQWXj` QLk[ KMQ Q k i<L QW`YT[ LOXZk Xhmm Xj` QT [qT
V c O.R LOklYepNVQWNOXh3LZT\ iMQ [ X bXc
§ tp\¨~z
 Q ` Q]aYXhvZQW`
V XZ[ K` QT iMNO[~T]\ThT
Q N NpT`TT QvjQ ` TNk Q Xjk QTLOk [ KMQJm XZ`~L6Xhm8LiMNO[ LvjT ` LUT[ Q.QwM[ Q k&T LOXjk<Tz
{k"P T ` [ L a iMNUT`]\[ KMQ aYXZiMk_[ LOk&R X`m
[ ` QWQT.Tja aYXj`\_LOk&R [ X [ K Q k_i&L
VQW`XhmN QlTvjQT ThT8T [ T [ Q\sLOk Z1^T XjNZvjQT T
PM` XpVMNOQL [ K T[ThTpNOQm[pXjPQWkLOk_§ tp\¨~zpnK Q QwMPMNOLUaYLO[mXj`~LJTm Xj` [ KMQ k_i&L
VQW`pX`m5m Xj` QT [qT L ksP T` [Z<Z>Z2W\
m XZ`~LiMN  eTk>\+tp \MPM` Xhv_L \ QpQwMPMNOLUaYLO[QwMP Tk<T LOXjk&TmXj`[ K Q O RaYXSL PMiM[YT[ L XZk&TX`mx§ tp\¨~zV5f   c Qpi<T Q [ KMQ^m XZNON XhLOk&RV T`T LUa8\ Q]aYXpL7P XST LO[ LOXZkm Xj`aYXji k [ LOk&R.[ ` QWQTz]#QW["!V Q [ K Q \ QRj` QWQ Xhm ! L kT[ ` QWQ$#zpnK QWk%#"aWT k VQv_LOQQ\ T`T T#T QWZiMQWkaYQ T[ [ Tja KMQ\"[ X  ! Xhm&!7Xj` \ QW` Q\sP T L `qT Xhm[ ` QWQT
T KT` LOk&R T a XpLL7XjkvjQ ` [ Qw znKMLZT5L XZ[ LZvjT[ QT[ KMQm XZN NOXhLOk&R8\_Qt kMLO[ LOXjkU T6³\¹S®®·\´(']­LZTTkXZ` \_QW` Q\PTLO`
Xhm[ ` QWQT^LO[ K"TaYXpLJL XZkvZQW` [ Qwz
nK Q kThL Q TLZLT[ X aYXZkBvZQWc [ KMQ.LX\_Q]T [ K T[[ KMQ.P T LO`
X`m@[ ` QWQTpNOX_Xp@T
NOLZjQ[ K Q [:XLOk&RST
X`m TVMi [ [ Q `U c@z{2m  ! K ThT\_QRZ` QWQ)!\j[ KMQWk*# a TkVQpLX\_Q k [ L t Q\
LO[ K TT QWZiMQWk aYQ Xhm
!
V iM[ [ QW`U LOQT P Q k>\_LOk&Rm ` XpL  ! 2T QWQ RLZRZiM` Qez
oQWkaYQQ K TvjQ [ KMQm XZN NOXhLOk&R.QWjiT[ LOXZk&T]\@KMQ ` Qb\ ApLZT[ KMQO.R m Xj`[ ` QWQT Tk>\ BAp LT[ KMQO.R
m XZ`VMiM[ [ QW`UL QT \  Ae   dS  \ & "A'
_
nKMQ\_LZv LZT L XZk V_c AsLOk [ KMQJT Q]aYXZk>\QWZi T[ LOXjk LZTVQ]aWTi<T QIQLX\_QWk_[ L m c[:
Xs` X_Xj[vjQW` [ LUaYQT[ Xm XZ`~LBT
VMiM[ [ QW` U c@z
R ` XpLH[ KMLZTLO[5mXjNONOXhT
[ K T[\"TYT[ LT}t QT\ 1  Ac\
 A &  ' 1_@
{2m
QJT QW[:A   & #\   \[ K Q QWjiT[ LOXZklVQ]aYXpL7QT  1  \:T7\_LO` QlaY[ aWThT Q"Xhm.TPMP N LUaWT [ LOXjk
Xhm [ KMQT`Rj` T k&RjQ7LOkBvZQW`~T LOXjk[ KMQWXZ` QL7zkY^T T a Xjk&T QWZiMQWk aYQZ\
QJRjQW[[ KMQJt `~T [ T`T~T QW` [ L XZkIL kP T` [Z1
Xhm[ K Q[ KMQWXZ` QL7zYpk TNO[ QW` k T[ LZvjQ [ ` T k&T:mXj`~L T[ L XZk [ K T [.LZT i<T Qm i Nm Xj` [ KMQ
T QWZiMQ N
LZT.ThTmXjNONOXhTz_QW[\  A
 A \ T k>\ nqT XZNvZQrm XZ` A LOk [ QW`qLTXhm	& [ KMLZTRZLvZQT
A0  e/
 p 1 # O A  e/
S 1 #  S
KMLUa K LZT
T`L QWk T`VMNOQ[ XThRZ` Tk<RjQpLOk@vjQ `~T LOXZkznK QT Q\_QW` LZvjT[ LOXZk&T
TNZT XT KMXh [ K T [ \  i! LZT[ K Qpk_i&L
VQW`
Xhm[ QW` k T ` c"[ ` QWQT \ ` Tk"LOk [ KMQ PMNUTkMQ
2LO[ KMXZiM[` QmQW` QWkaYQ[ X TNt&wMQ\"aYXZkBvZQw"P XZNOcBRZXjk>[ K T[KTvjQx
LOk_[ QW` k TNkMX&\_QTz
{k"[ K LT P TPQW`Q aYXjk<T LX\_QW` kMXZk@o a ` XpTqT LOk&R7[ ` Q QT ThT^V Q L k<R ` X_XZ[ Q\"T [8vZQW` [ Qw  "!hznKMQ\_QRj` Q QXhm
T
vjQ ` [ Qw LOk T [ ` QWQ LZT[ KMQ k LO[~TXZiM[:o~\_QRZ` QWQZ\Tk>\7NOQ]TvZQT T ` QvZQW` [ L a QT Xhm \_QRZ` QWQ WQW` X>z8#QW[ \BA#8VQ T
VMLZvjT` LUT[ QRZQWkMQW`YT[ LOk&RmiMk aY[ L XZk\&K QW` Q=A#L T `~@T vZQW` [ LUaYQT.ThTVQm XZ` Qj\ Tku\  L T`qBTNOQ]TvjQTznKMQWkIQ
K TvZQ \BA#8  Ae   A # ^  \ & "A  A 
 AO'
nKMQ#t `~T [.QWZi T[ LOXjk LZT.[ K Q
T ThL7Q T`T
dSW\UT LOk aYQ7[ KMQ7k_i&L
V Q ` X`m:NOQ]TvZQT.LOk #sLTVYi&T [ [ KMQJT i&L6Xhm[ K Q
k_i&L
VQW`XhmNOQ]TvjQTLOk [ KMQ8T QWZiMQWk aYQ X`m VMi [ [ Q `U LOQT\_Qt k L k<R #znKMQT Q]a Xjk>\ QWZi T[ L XZkLZT5V QlaWTi&T Q8KMQ k
[ K Q [:XL k<RpTXhm@TNVMiM[ [ QW` U c"T` Q QL PM[c
Q K TvZQ T NOQ]TvjQpzo QWk aYQ [ KMQ [ Q `~L A.LOk  A # ^KThT[ XVQ
` Q PMNUTjaYQ\+L [ KTAzr@N LZL7L kT[ L k&ROQ XSVM[ T LOk\ 1 
  A &   A & Ap \ 
 A &   ' gS
rUwMP Tk<T LOXjk7Xhm \BA#8aWTkJV Q.aWT ` ` L Q\Xji [ V_c[ K Q TYThL7QPM` XMaYQTqT T`T
LOkI:pz5_QW[\  A/
AM\ T k>\








nKMQWk\&V_c ThRj`YTk&RZQj\_Xjk Q KThT
§ A  ¨H\ A # ^(§ A %J>! ¨ exQue §I1 JN& ¨:13
 e1 & 
t15
 ^ J! #
Tku\ i P XZk Qw [ ` TZaY[ LOk&RT§I $ ¨ \




 ex] e ^ xQIe& _ § 1 JN& ¨ 1O
ue %J>! 1 & 
It 1> J>!JR$ '
nKMLZTNUThT [m Xj`qL c_L Q N \ T]\_LO` Q]aY[ NOc [ K Q Qw P ` QTqT LOXjk"X`m \ # $ T [YT[ Q\ LOk PT` [Z1X`m [ KMQ.[ K QWXj` QLkz
O LZvjQWk"T [ ` QWQ #7XhmT L	WQx T k>\JL TGw LZL i&L \_QRZ` QWQ$_\_[ K Q:\_QRZ` QWQ4-ªQ´f®v¯ ®v¯±Q«#&LZT
[ KMQT QWji QWk aYQ
 xNM"#x!$#$'''(#x  W\UKMQW` Q xLZT [ KMQk_i&L
VQW`pX`m]vZQW` [ LUaYQT Xhm8\_QRj` QWQ'ZLOk # \um XZ`OZ? #'$''%# @zNOQ]T` N c

 x   x Tk>\#\T LOk aYQ[ KMQ k i<L
V QW` Xhm
Q\@RjQT LTx[ eZ\  Z2x  x ?epzO LZvjQ k TJT QWZiMQWkaYQ X`m
kMXjk okMQR_T[ LvZQ.LOk_[ QRZQW`~T
:xNM#x!$#$'''(#x  |L [ K% xV x Tku\* Z2x x[?ej\&QaYXjk&T LX\_QW` [ KMQ PM` XpVMNOQLXhm5\_QW[ QW`~L7L k L k<R [ KMQ.k_i&L
VQW`
X`m [ ` QWQT X`mT L	WQx K Tv_LOk&R PT` [ LO[ LOXjk  xNM"# x!$#''$'%#x  znXT XZNZvjQ [ KMLZTpP ` XpV N QL Q K TvZQ.[ X7NOX XS"ThR T LOk T [VMiM[ [ QW`UL QTzY VMi [ [ Q `U c K T`T.TNOQm [.Tku\"T
` LZRZK [ [ ` Q QLO[ K T"aYXSLL XZkvjQW` [ Qw  <z{2m !sLZT [ KMQ \ QRj` QWQ X`m  \[ KMQWk uaWTk VQT QWQWkLOk [ iM` kT`T T
T QWji QWk aYQ Xhm&!
V iM[ [ QW`U LOQT T[ [ Tja KMQ\ [ X  "!hznKMQ ` Q T ` Q)! 
?eTlcBTX`md\_LZT [ ` LZVMi [ LOk&R[ K QL T`L XZk&R.[ K QNOQm [
T k>\ ` LZRZK [[ ` Q QT]\ KMQWk aYQQK TvjQ K A@YeR
"t 
"d & 
  z5 QW[kMXh1 M # 1 ! #'$''V Q TT QWji QWk aYQ
Xhm8vjT ` LUThV N QT]\UKMQW` Q 1  L T `~@T.TvjQW` [ QwX`m \_QRZ` QWQ Z \QWLO[ KMQW` LOk [ ` QWQTXj` L k V iM[ [ QW`U LOQTz"nKMQ k[ K Q
QWZi T [ LOXjkVQ]aYXpL7QT K A@1 M 
It 1 ! 
Id1 &  & 
  
s 
?e 1    
   # mS
KMQW` Q K % A#1*M2#1N!#$''$' LZTpT
O.R LOk T k L k t kMLO[ Q k_i&L
VQW`XhmvjT` LUT`VMNOQTz pk [ KMQ.Xj[ KMQW` K Tk>\#\M[ K Q
V T`T LUa QWZi T[ L XZk7dpVQ]aYXSL QT\R A 21 M 
 1 !  
 1 &  & 
  
1    
   '  S
T LOk&RT`Rj` T k&RjQ LOkBvZQW`~T LOXjk LOkImS
Q^t ku\ [ K T[
§I1  M 1  	!  1 
 A  ¨: A1a$c $ C &x] e ^ x] exNM#''$'%#xR$ue2#''$' # xR$ _ e   t 
	  2&)
?e @J>!   
?e   '
bXhQi&T Q  S [ X"Qw P ` QTqT[ KMQ aYX_Q aYLOQWk_[ X`m}§I1  M 1 
	!  1   A  ¨
LOk\ ThT.[ KMQT i&L6Xhm[ KMQ ThVXhvjQQwMPM` QT~T L XZk m XZ`O&  e2#'$'' #@z
Y T [ `YTLZRjK_[:mXj`~T`\IL TkMLOPMi N T [ LOXkRjLZvjQT.[ KMQtk TN
a XpL PTjaY[T XZNOiM[ LOXjk
T [YT[ Q\ LOk P T ` [Z<Z2X`m [ K Q.[ KMQ Xj` QLkz
Nuf  cehcY m XZ` QT [pLZTpTk"TZaYcMaYNOL a Rj` T PMK\_L:z QpzO\MTRj`YTPMKKMXST Q aYXZkMkMQ]a [ Q\aYXpL7P XZkMQWk_[~TpT ` Q.[ ` QWQTz
 Q [30 VQ T#m XZ` QT [ Tk>\sNOQW[ #V Q7[ KMQk_i&L
VQW`pX`m]vZQW` [ LUaYQT L k[ K Q aYXSL PXjkMQWk_[# aYXjk_[ T LOkMLOk&R  ! 2T QWQ
RLZRjiM` QptpznKMQWkQ0KThT[ X VQaYXpL7PMNOQW[ Q\NLO[ K$pTS\&\_LO[ LOXjkTNhmXj` QT [~T^1T XpL7QXhm [ KMQL9PXpT~T LZVMNOc.QL P [c  \
Xjk Qp[ X [ KMQ` LRZK_[XhmQvZQW` c
vZQW` [ Qw Xhm#znK_i&T
[ KMQ a N T`T~TX`mm Xj` QT [qT
LZTXSVM[ T LOkMQ\Nm ` XpL9[ KMQ a N T`T~TXhm [ ` QWQT
V_cT i&V&T [ LO[ iM[ L k<R TvjQW` [ QwV c T P TLO`^1vZQW` [ Qw\@m XZ` QT [ z QW[DVQ [ KMQO RXhmm Xj` QT [qT]\ [ KMQWk
 9e/
 \ A  # fS
KMQW` Q \9LZT [ KMQO RX`m:[ ` QWQT ThTVQm Xj` Qj\Tk>\e LT [ KMQO RIXhm
[ KMQQL7PM[cJm Xj` QT [ XhmT L	WQ
&z_LOk aYQ \
T T [ LZT:tQT1_@XZkMQ aWT k QWNOLL7LOk T[ Q \ T k>\ ` QlaYXhvjQW` T ` QT iMNO[m ` XpL § tp\¨5 [ KMQ QWZi T[ LOXjkKMQW` Q LTL T `~RZL kTNONOc
\_L º QW` QWk_[^T LOk aYQQ.T` Q [YTh_LOk&R [ KMQ a Xjk&T [ Tk_[[ QW`~L5Xhm& [ X
V Qe
 1 
"BA & A) dp  & 
 BA
 dS   e? '  eS
{k Xj`\_QW`p[ X Qw PTk>\ \<
QT QW[  9e/
 M\[ K QWksn~T XZNZvjQrNm Xj` A \@KMLUa K c_LOQWNX\@Tl\
  A  e 
 p ^ e	 ek_ t _ #
TkIQWZi T [ LOXjkXhm [ KMQIT`Rj`YTk&RZQ [c_P Q [ K T[ T NT XIT i<RpRjQT [~T TkT [ T N T k[ ` QWQk\ Q]aYXpL7P XST LO[ LOXZk7m Xj` kMXjk oaY` XpT~T LOk&Rm XZ` QT [~TzR Xj`qLiMNUTYe[ K QWk` QT iMNO[~Tm` XpL [ KMQ8T`Rj`YTk&RZQ
QwMP T k&T LOXZk X`m P XhQW`qTXhm [ KMQ8T[YTNUTk
O.Rz
 QW[k Xh % A#8dV Q [ KMQ^VMLZvjT` LUT [ Q8O.R m XZ`m XZ` QT [~T]\@K QW` QO L T`q@T@a XpL PXjk QWk_[~Tz QXZkMNOc KTvjQ
[ X Tp\<\ TmTZaY[ XZ`  L k fS.[ X"[ T`jQ LOk_[ XTjaWaYXZiMk_[ [ KMQ"aYXpL7P XZkMQWk_[.X`m ! [ K T[N:T`TT L k<RjNOQ\ XZiM[]\[ X
XpV [ TLOk  A # ^  e/
 E\ A zrNOLZL LOk T [ LOk&R)\ ThTV QmXj` QN
QRjQ [
 1 
s 1 A &  & A dp  & 
 2 & A




RLRZiM` Q.t<Y m Xj` QT [z
nKMLZTQWZi T [ LOXjk TNZT X TS\@L LO[~TT
ThRZ` T k&RjQ|m Xj`qL \ZiMP XZkT QW[ [ LOk&R 9e/
  M\
O A  e/
 S ^ e  e _ t _ #
KMQWkaYQ.ThR T LOk [ KMQpQwMPMNOLUaYLO[m XZ`~LiMNUT]m Xj`& %# $ LOkP T ` [Z<Z>Z2zC Q` QL T `~.[ K T[aYXZiMk_[ LOk&R aYXZiMk_[ LOk&R.Q\@RjQT
LOk&T [ Q]Tp\ Xhm@a XpL PXjk QWk_[~TLZT T k QWji LvjT NOQWk_[
PM` XpVMNOQL\@T LOk aYQ [ KMQ.k_i&L
VQW`XhmQ\@RZQTpLOk"TNm XZ` QT [pLZTQWZi TN
[ X[ KMQ k_i&L
V Q `XhmvZQW` [ LUaYQT8L7LOk i<T[ KMQ k i<L
V QW`XhmaYXpL7P XZkMQWk_[~Tz
 #  ^	    '   '    8l' 
 LZZQ8VQm Xj` Qj\MTRZ` TP KL QlTk&T
T kMXZk@o a ` XpTqT LOk&RRj`YTPMKzJNUTkT` LO[c Xjk a Q8L XZ` QQWk_[YTLONZT T [ ` XZk&R
\_Q]aYXSL PXho
T LO[ L XZk PM` XjPQW` [ LOQTRLZR>zMdp` QMU Q]aY[ Q\7V_c TNZRjQV ` TLUa^RjQ kMQW` T [ LOk&Rm i k aY[ LOXZk&TpTk>\JT`Rj` T k&RjQ QwMP T k&T LOXZk&TzV)W  >f  	 Z1[A/ ·«¹*²#³f·\´¥±v¸¥°f±««K·f°f®·8¶Q´tª.-/jµ¥± ¸%µ?¯ W·8x
¯ µ=¶©¯CG©·\«³\­
   exQue JN&De f M ^ xb
 gxd_ ^ tpx]k_) gx[ t _ t %J8&@J e 'A/ ·«¹*²³t·\´¥± ¸¥°f±Q««K·f°® ·8¢¶Q´tª%- /jµ¥±v¸=µ?¯ W·^xR3¯ ® /3&_·8¶j·fµ$¯ µ=¶©¯HGQ·\«³\­
V%# $  exQue JN&Def M ^ xb
 gxd_ ^ tpx] _  gx] t _ ^ xQt  g&5 xb
?eN_ '
2Z>Z1 A/·$«¹*²³f·?´¥± ¸%¶Q´tª%- /jµ¥±v¸}µ¯\·|x
IdT¯ µ¥·(-;´t·µtµ?¯³\¬·}¯«5®·?´?²µ}± ¸ °./´± 8j·\´$«¹*²³t·\´fµ6
  ?t  %J>! #     DM	(& .e  e
 d  tpx] t5 dS
 xbt u! d J8& t J"cJN& #  e]tS
® / ·«¹*²#³f·\´¥±v¸%¶Q´tª.-/Sµ± ¸%µ?¯ W·xR3¯ ® /3&_·8¶j·µ}¯µ
 %# $  exQue JN&De f M ^ x]ue&5 g _ ^ x[Ieg 
ue _ ^ x]t
 gx]t _ #  e]dS
m
ªQ«a8® / ·«¹*²³t·\´¥± ¸%¶©´fª%- /jµ¥±v¸=µ?¯ W·8xR¤¯ ®/3&°t±««K·f°® ·86°f±² -±Q«K·\«*®.µ¥¯ µ
  # $4 ex ^ x&5ueN_ %J $Def M ^ xb
 g) eg _ ^ tSxQt&5=gxQ & _ gjt
JR$cJ e
tpx] t&5 g '  e_@
2Z>Z>Z1A/ · ) 0µ±v¸T°f±Q«I«K·f°f®·8¶Q´tª.-/Sµª«98£® / · )  ± ¸6¶Q´tª.-/Sµ°f±¹« ® ·8
ªj°f°f±Q´8Q¯«*¶® ±· 8©¶·µªQ´f·
ªQ¬ ¶·³\´tªQ¯.°¸?¹*«K°f®v¯±«*µT¶Q¯HG©·\«(³\­   ª«98  "? A/ · ) ±v¸¶©´fª%- /jµ_ªQ«98
«I¹²³f·?´±v¸°f±Q««;·t°®· 8
°f±Q²4- ±«K·\«*®µ¯ µ¥ªQ«ª¬¶j·W³\´tª¯°0¸?¹*«K°® ¯.±Q«¶©¯HGQ·\«³?­?
nKMQ.iMk LvjT ` LUT[ Q8RZQWkMQW`YT[ LOk&RmiMk aY[ L XZk&TpX`m@aYXZkMkMQ]a [ Q\ Rj`YTPMK&TpT k>\JRjQWk QW` T NRZ` T PMK&TQW` Q.XSVM[ T LOkMQ\
V_cIpXSL
V"Tk>\IT` ` QW[ [6§ m\¨
Tm [ QW`.aYXjk&T LX\_QW` T`VMNOQ Qº XZ` [z{k V XZ[ K aWThT QT]\[ KMQT QTiM[ KMXj`qTST NZT X XSVM[ T LOkMQ\
[ K QVMLZvjT ` LUT[ Q O R TZaWaYXZ` \_LOk&R7[ X[ K Q k_i&L
VQW`XhmQ\@RjQT]\VMi L NX\_LOk&R iMPXjk"[ KMQ
XZ`~ Xhm[ K Q%[ QvzMnz Jz
 LO`~@L T k LOk eSjm<>T QWQ5§ m©¨m XZ` T [ KMXZ` Xji<RjK"KMLZT [ Xj` LUaWTN5\_LZT a i&T~T L XZkz4 Q.` Q]a XhvjQW`.TNON[ KMQ ` QT iMNO[~T Xhm%§ m\¨
PMNOi&T[:X k Q XjkMQT]\MkThL Q N c [ K Q Q k i<L QW`YT[ LOXZk XhmRj`YTPMK&TpTZaWaYXZ` \_LOk&R[ X [ KMQ.k_i&L
VQW`
X`m@aYXSL PXjkMQ k [qT
V_c"O.R  P T ` [IZ<Z>Z2~ Tk>\ TkuQwMPMNOLUaYLO[m XZ`~LiMNUTJm XZ` [ KMQ k_i&L
VQW`X`m a XjkMkMQlaY[ Q\ RZ` T PMK&TIP T` [72Z2~z
nKMQ7` QT iMNO[ aYXZk aYQW` kMLOk&R  # $ LZT ` Xji&RZKMNOc"QWZiMLZvjTNOQWk_[.[ X LO`~@L T k T ` QT i N [qT LOk v_LOQ X`m r5Wuz fG eS
Xhm§ m\¨ \ KMLONOQ [ K Q"XjkMQ aYXjkaYQW` k L k<R   %# $T QWQLT[ X7VQ k Qz iM` TPMP ` X TZa K LOk[ KMLZT PM` XSVMNOQLELZTT
\_LO` QlaY[pTp\MT PM[ T [ LOXjk7Xhm[ KMQT a KMQL7Q Qpi<T Q\#m XZ`:aYXZiMk_[ LOk&R [ ` QWQT T k>\mXj` QT [~Tl\ T k>\ T`T T i a K LO[LZTPMiM` Q N c
n T NZRjQVM`YTLUaru
LOkIaYXjk_[ `YThT []\LOk§ m\¨ \` QlaYXjiM`qT Q"KTp\[ X7V QL Tp\_Q[ XT aYXSL
VMLOk T[ LOXjkXhmST NZRjQVM`YTLUa T k>\
\_L º QW` QWk_[ L T N T `~Rji<L QWk_[~TznK QMa KM`(X@\_QW` k i<L
V QW`qT !  "aYXZiMk_[RjQWkMQ ` TNOL	WQ\JVM`YTjaqjQ [ LOk&RpTN QWZiMLZvjT N Q k [ NOc \
PMNUTk Q [ ` QWQT8LO[ KIxsN QlTvjQTpT k>\LOk_[ QW` k TNkMX&\_QT Xhmd\ QRj` QWQ 
utpW\MT k>\7[ KMQ c T` Q\_QtkMQ\ LOk§ g_\ Pz&jm©¨}z

*  i`e 
	 +>fhg,W5c  Qi&T Q"T7\_Q]aYXSL PXpT L [ LOXjk[ Q]a KMkMLXWZiMQ"TkTNOXpRZXji&T.[ X [ K T[Nm XZ` aYXji k [ LOk&R[ ` QWQTz  QW[! V Qs[ KMQI\_QRZ` QWQXhmvjQW` [ Qw  ! LOkuT aYXZkMkMQ]aY[ Q\ Rj` T PMK\Tku\NOQW[   Tk>\R e VQ"[:XaYXZk&T Q]a iM[ LZvjQkMQWLZRZKBVXji `~TX`m8 ! LOk5znKMQWk.[ KMQ5T i&V&Rj`YTPMK LOk>\_i a Q\ Xjk [ KMQ vZQW` [ QwT QW[V  #% Hi! #$'''(#% e )LZTQWLO[ KMQW`
T aYXjkMk Q]aY[ Q\Rj` T PMK
kMXj[` Q\_i aYQ\ [ X T P XZL k_[W\lXj`[:X \_LZT V XjLOk_[aYXjkMk Q]aY[ Q\Rj` T PMK&TaYXZk [YTLOkMLOk&R
  Tk>\6 e \j` QT PQ]aY[ LvZQWNOcBznKMQp[:X P XST~T LZVMLONOLO[ LOQT
T ` Q QwMQL PMNOL t Q\ LOk RLZRjiM` Q d<z{2mQpNOQW[ V Q [ KMQ O.Rm XZ`Sa XjkMkMQlaY[ Q\ Rj`YTPMK&Tl\ [ K Qt `qT [.PXpTqT LZVMLONOLO[c LZT.aYXZiMk_[ Q\ V_c	 A \Tk>\s[ K Q
T Q]aYXZk>\Xjk QV_c & z{2m
  LT [ KMQ t `~T [ k QWLZRjK@V XZiM`pX`m ! [ KMQ k XZkMQ.K T`T TaYXZkMkMQ]aY[ Q\7Rj`YTPMKsXjk G & #$'''(#%  )_\&KMQW` Q]ThT L m e LZT[ K Q.NUThT [k QWLZRjK@V XZiM`Xjk Q.K ThTpTa XjkMkMQlaY[ Q\ Rj`YTPMK XZk  e i! #''$'%#%  )@znTh_LOk&R LOk [ X TZaWaYXZiMk_[p[ KT[[ K Q!k QWLZRjK@V XZiM`~TX`m  "! T ` Q.aYXZiMk_[ Q\ [:LUaYQZ\@
Q.XSVM[ T LOk
  A
RA  &A 
RA  & 2  A
 & A & 
  
RA  &   A
 &  J>!A  
 
 A ^ e/
  &A s2 A 
  &  _ '
_LZL P N L t a T[ LOXZkRZLvZQT  1 
 & d2A  
t2A &   '  eS
{[LZTP Q ` K T P&TkMXZ[LZLLQ\_LUT [ QWNOcpaYNOQ]T `KMXh[ X\_QW` LZvZQpT8T LZL PMNOQQwMPM` QT~T LOXjkm XZ` [ KMQpaYX_Q aYLOQWk_[qT
X`m epz
oXhQvZQW`]\[ K Q.QWZi T[ LOXjk"LOk@vjXZNvZQTL Xjk XpL LUTlNZTX`m@XZkMNOc [:X\_L º Q ` QWk_[ [ XZ[ TN\_QRZ` QWQTl\tTku\"dM\Tk>\"T`T
T ia KsL [pa TkIVQ.P T ` ThL7QW[ ` L	WQ\7` T [ LOXjk T NON c@znKMQ aYi&V L a K T`T T
\_XZi&VMNOQ P XZLOk [pT [[ KMQ Xj` LZRZL k\@T X[ KT[8Q
T Q [  (AT k>\ Tp\_XZPM[
[ KMQT N XZP QpThT[ KMQV ThT L a P T ` T`L QW[ QW`znKMQ k\MXZkMQ K ThT
A0  /ue  tp 1 #     ue,tp & '  e]gS
! "#$%& ('()* %,+-./)+!)*+!0122#43576 89:;<=< ?>9<@2&<'A#*0 ('BC3DE$F G'H>9*8I 9J*KMLN*%74-'O *0"MP#QLR.&#
S +-TT4'O2&<3%








RLZRjiM` Q d&.nK QV T`T LUa
\_Q]aYXSL PXpT L [ LOXjkXhmRj` T PMK&TLO[ K[:
Xk\ LTOVYXjLOk_[Rj`YTPMK&TNV QW[:QWQWk1 T k>\ T k>\
Xjk N cXZkMQRj`YTPMKVQW[:
Q QWk  T k>\ z
nKMQ P T ` ThL7QW[ ` L	]T[ L XZkVQ]aYXSL QTpT P XZNOc k XpL LUT N XZkMQj\ iMP XZkT QW[ [ LOk&R   e" M\Tk>\#T LOk aYQ.[ KMQVM` T k a K Xhm
LOk_[ QW` QT [)K A
RA & 
l_,A 1 











 #   Ae

'  e]mS
nKMQt `qT [` QWNUT[ L XZk.LOkYe]mS\_QtkMQTLL7PMNOLUaYLO[ NOc

T`T
TmiMk aY[ L XZk X`m A \hKMLONOQ[ K QT Q]aYXZk>\ Xjk Q
QwMPM` QT~T QT 
ThTT^m iMk a [ LOXjkX`m

 ASznKMQ QwMP Tk&T LOXjk&T
a Tk[ K QWkVQpXSVM[ T L k Q\V_c.[ KMQT`Rj` T k&RjQLOk@vjQ `~T LOXZk[ KMQWXZ` QL\
Tku\ XZkMQ^t k>\@T
§ A  ¨< +§ A J! ¨ ee

 exQue § A JN& ¨  KYe

 & #
KMLUa K QWk_[ TLONZT
§ A  ¨<  ex]ue §  J8& ¨ e e

  i!  e t

 J! '
nKMLZTN T`T [ m Xj`qL \ST i&RSRjQT [ LZvjQ XhmL k_[ QW` QT [ LOk&R
VML VYQlaY[ LZvjQ aYXpL
V L kT[ XZ` LUaTl\jLZTQWZiMLZvjTNOQWk_[[ X[ KMQpXZkMQT [YT[ Q\
LOk P T` [2Z2LO[]\_X_QT kMXj[pT PMPQ]T` L k§ m\¨T LOk a Q.[ KMQT` \ TkMX
T XjNOiM[ LOXZk Xhm[ KMQ aYi&V L a QWZi T [ LOXjkJm XZ`  AS
m XZiMk>\7[ KMQ ` Q\_X_QTk Xj[pTNONOXhsm XZ`:TT LZL PMNOQQwMP T k&T LOXjkUz
 QW[ kMXh  A # ^^V Q [ KMQO R mXj`.aYXjk kMQ]aY[ Q\7Rj`YTPMK&Tl\K QW` Q' L T`q@TpQ\@RZQTz{2m  ! KThT\_QRZ` QWQ
!Q KTvjQ [ X LOk [ ` X&\_i a Q T
mTjaY[ Xj`O  LOk[ KMQ aYXZ` ` QT PXjk>\ L k<RIT i&LJL T k>\JV QmXj` QJ ep \Tk>\TJT LZL P N Q
aYXSL PMiM[YT[ L XZk
RjLZvjQT   1 
   &  A  e 
t^
 A & Ye/
 ^  '  eS
nKMLZTpLZTQWZi T [ LOXjk 1_ mSXhma§ m¨~znXXpVM[YTLOk [ KMQ.k_i&L
VQW`qT  # $ Q aWTk7\_X[ KMQNT ThL7Q P T`YThL Q [ ` L	]T [ LOXjk
ThTLOk [ K Q i kMLZvjT` LUT [ Q a ThT QSz











§ A  ¨<BA#8 ex] e §  %J8& ¨  J! e

  i! Ye

Ye/
 8q %J>! '
nKMLZTQwMPM` QT~T L XZk"LZTQWZiMLZvjTNOQWk_[[ X[ K Q8mXj`~Li N T T [ T [ Q\7LOk P T` [2Z2z
f
 fhg,W5c  Q [@DVQ T7Rj` T PMK T k>\INOQW[ 7VQ"[ KMQ k_i&L
VQW`X`mvjQW` [ LUaYQT LOkI[ KMQ aYXSL PXjkMQWk_[. !aYXZk [YTLOkMLOk&R: "!Gz nKMQWk K ThT [ X VQ aYXSL PMNOQW[ Q\LO[ K  TS\&\_LO[ LOXjkTNRZ` T PMK&T1T XpL Q Xhm[ KMQL P XST~T LV N c
QL7PM[c&W\XjkMQ [ X [ KMQ ` LZRjK_[ Xhm
QvZQW` c7vjQ ` [ Qw Xhm !z QW[  V Q [ K QO.RXhm RZ` TP K&T.Tk>\ )[ K QO.RXhm
aYXZkMkMQ]aY[ Q\ Rj` T PMK&TpT`TpThVXhvjQj\_[ KMQWk
  e/
 % A   '  e]fS
nTh_LOk&R LOk [ X"TjaWaYXZiMk_[ [ K T[b TYT[ LZT}t QTJ eSW\Q aWTk Q N LZL7L kT[ Qb Tk>\XSVM[ T L k TGm [ Q ` aWTkaYQWNONOL k<R T
mTZaY[ XZ`  W\
 & 
 t"A &  d2A tp  
d2A
?e?  ' tpS
nKMLZT QWZi T[ LOXjk T PMP QlT`~T LOk_§ m\¨ \uVMiM[ LOk T
T N LZRZK [ NOc \_L º QW` QWk_[^m XZ`~LT LOk a QQ T ` Q [ T` LOk&R[ KMQaYXjk&T [ T k [
[ Q `~L5Xhm  [ X
V Qepz5 XjNZv_L k<R [ KMQWjiTp\_`YT[ LUa c_LOQWNX\@T
  AS  e d t A)A &  A t  eue]t2A
 _ A & # tMe
KMLUa K LTpT ` QlaYXpRZkML	]ThVMNOQvjT ` LUTk_[X`m[ KMQO.R Xhmd a K `(XB\ QW`pk_i&L
VQW`~T$§ g\¨~z
T L k<R [ KMLZTT a KMQL7Q
QaWT k Q]T`T LONOc QWk_i&L QW`YT[ QRZ` TP K&T.TjaWaYXZ` \_LOk&R7[ X [ K Q k_i&L
VQW`pX`m
Q\@RZQTz QW[ L T `~@TQ\@RjQT]\ Tk>\7NOQW[ BA#8 V Q [ KMQV LvjT ` LUT[ Q O.R m Xj`aYXZkMkMQ]aY[ Q\ Rj` T PMK&TznKMQWk  e]fSV QlaYXpL7QT
 BA#89e 
BA  BA#8 # ^W\hVQ]aWT i&T Q.[ KMQpk_i&L
VQW`X`mQ\@RZQTLOk TRZ` TP KLTT LZL7PMNOc.[ KMQ^T i&LHXhm[ K Q
k_i&L
VQW`
X`mQ\@RjQTpLOk LO[~Tpa XpL PXjk QWk_[~Tzr@N LZL7L kT[ LOk&R) L k  epQST ` ` LvZQ.T[  & 
s~Ye 
 8 A & s e/
t8 A t8  

 A  e
t^  ' tjtS
nKMLZTQWZi T [ LOXjksVQ]aYXpL7QT ThL7QWk T`VMNOQ [ XlThRZ` Tk<RjQ LOk@vjQ `~T LOXZk\iMP XZkI[ KMQ a K T k&RjQ X`m vjT` LUThVMNOQT  
e/
RA
RA [ KT[[ `YTk&T}m Xj`qLTLO[L k_[ X
0 A@Ye/
 ^ ^ e/
 e   _ '
_LZL LONUT` N c_\_NOQW[ kMXh  L T`~ aYXpL7P XZkMQWk_[~Tz nKMQWk  e]fS^V Q]a XpL QT   A#84 e 
  BA  BA#8~ \
KMQW` Q3BApLT[ K Q i kMLZvjT` LUT [ Q8O.R m XZ`:a XjkMkMQlaY[ Q\+Rj` T PMK&Tl\ Tku\[ K Q8mTjaY[ Xj`u[YThjQTL k_[ X TjaWa XjiMk_[[ K Q
aYXSL PXjkMQWk_[aYXjk_[YTLOkMLOk&R6 ! zrNOLZL LOk T [ LOk&R)9LOk  eS
Q.T ` ` LZvZQST [
 1 
 t  1 A &  d & A 
  dS  & 
 d  & A  t
dp  
 Ie  ' tjdS
nKMQ QwMPMNOLUaYLO[QwMP T k&T LOXjk7XpVQWc@TPM` LOk a L P N QTT LZL LONUT`[ XK T[K ThTVQWQWk \_XZkMQ8VQm XZ` Qpz_QW[   e,
 M\
T XZNZvjQ^m Xj`?AM\Tk>\7XSVM[ T L k7[ KMQThRj`YTk&RZQ^m Xj`qL \
 "_,A@ e/
 ^ d
  e  J>! '
uK T [
LZT` QWZiMLO` Q\7kMXhuLZTpT k QwMP T k&T LOXjk7Xhm[ KMQ kMQR_T[ LvZQ P XhQW`~TX`mS1>?d
  e 1UzY a KTk&RZQ
XhmvjT ` LUThV N QT5T LZL LONUT`[ X.[ KMQpXZkMQp[ K T[iMk>\_QW` NOL QT8ThRZ` T k&RjQLOk@vjQW`qT LOXjkLOkT i a K caYX_Q aYLOQWk_[LOk_[ QRZ` T NTl\
k T`L QWNOcS21uC"_)7_]\_[ KMQWkIT KMXhT[ K T [
§I1 E ¨X_
	S21u J 	+§  E ¨: e   J 	Yet  J E J>!  e _  '
nKMQ.` QT [ Xhm[ KMQ.aYXSL PMiM[YT[ L XZk LZT` Xji [ LOkMQpz
e
    8	##  U		

Y 8Q¯µtµW·f°® ¯±«.X`m T aYXZk@vjQw P XZN c@RZXjk    G ! #( & #''$'%#%  ) LZT:T P T ` [ LO[ L XZk X`m[ KMQ PXjNOc@RjXjkLOk_[ X PXjNOc@Rho
XjkTN` QRZLOXjk&TV_cL Q]T k&TpX`m
kMXjk o aY` XpTqT LOk&RI\_LUThRZXjk T NT[ K T [pLZT]\T kMXjk o aY` XpTqT LOk&RRj`YTPMK aYXjk_[YTLOkMLOk&R[ K Q
Q\@RZQT  !  & #( &  1 #'$''%#(   ! zY?kMXZk@o a ` XpTqT LOk&R P T` [ LO[ LOXZkXhmT L	WQx7LTT P T ` [ L [ LOXjkXhm]§ xI¨   e2#Yt#''$' # x)
T ia KI[ K T[ L m7   ! Tku\TVMNOXMaqaYXjk_[YTLOk&T67 Tk>\  \[ KMQWkk XkVMNOXMaqaYXjk_[YTLOk&T	 Tku\ !uz
 kMQaWTk \_` TDT i a KTP T ` [ L [ LOXjk Xjk T aYLO`YaYNOQV_c ` QWP ` QT QWk_[ LOk&R"Q]TZa KkVMNOXMaq"ThT.T aYXZk@vjQw PXjNOc@RjXZk Xjk
[ K Q PXjLOk_[~TVQWNOXjk&RZL k<R[ X [ KMQVMNOXMaq z nKMQWkkMXZk@o a ` XpTqT LOk&R P T ` [ LO[ L XZk&T T ` Q [ KMQT T`L Q T`T kMXjk@o aY` XpT~T LOk&R
Rj`YTPMK<TKMXpT Q aYXZkMkMQ]a [ Q\aYXpL7P XZkMQWk_[~T T ` QPXjLOk_[~Tl\Q\ RjQTTk>\aYcMaYNOQTz7 Q\_X kMXZ[ aYXjk<T LX\_QW` KMQW` Q
[ ` LUTk&RZiMNUT[ LOXZk&T:T`T[ KMQ c K TvZQ VQWQWksL k@vZQT [ LR_T[ Q\JT XQwM[ Q k&T LZvjQ N cJT LOk aYQ riMNOQW` T [ LL7QpST QWQ6§Oelm\¨}z V)W  >f  




 f M  Se  ^ x Z _ ^ tpx] t  Zx[ e Z_ t %J>!J  'A/ ·«¹*²³t·\´¥± ¸38Q¯ µfµW·f°f®v¯±«*µ¥±v¸%µ?¯ W·xR3¯®/3&´f· ¶©¯±«*µaµWª©® ¯ µ]·µ
 # $  e& ^ xQ d&5 e _ ^ xb
&5 t&Oue _ '
2Z>Z1 A/·$«¹*²³f·?´¥± ¸ «K±Q«;°?´f±µfµ?¯«*¶ -ªQ´® ¯ ®v¯±«*µ¥±v¸=µ?¯ W·8x
¯ µ$ª   ª©® ª¬ªQ««¹*²#³f·\´6
   exQ
 e ^ tSxxb_ #
ªQ«a8® / ·«¹*²³t·\´¥± ¸?- ª´f®v¯ ® ¯.±Q«*µ$±v¸%µ?¯ W·xR3¯®/3&:-ªQ´®µ%¯ µ¥ª}ª´tª­jªQ«Kª¢«¹*²#³f·\´
%# $  ex ^ x & _ ^ x&bIe _ '
nKMQ ` QT iMNO[~T L k7[ KMQ.T`V XhvZQp[ K QWXj` QL T ` Q TNON a N T`T~T L a TN T k>\ a TkVQ^m Xji k>\LOkL Tk_c.` Qm QW` QWk aYQTz? Q
LOk aYNOi>\_Q [ KMQL LOk XZ` \_Q `p[ XT K XhuKMXh?[ KMQRjQ kMQW` T NL QW[ KMX&\_XjNOXSRjcTNONOXhTQ]ThT c \_Q ` LZvjT[ L XZk&Tz; ` QQW`YThT
t `qT [ \ LTYaYi&TqT Q\skMXjkaY` XST~T LOk&R7P T` [ LO[ LOXZk&T
LOk§ tjd\¨KMLON Q ` QT iMNO[~T^m XZ`]\_LZTqT Q]aY[ LOXjk&T.T` QT i&LJL T` L	WQ\ LOk§ g_\Pzmh_Q¨~z
 cc  i`e$  5c g i  -    R+ *V%#QW[
VQT \ LTqT Q]a [ LOXjk X`m   Tk>\sNOQW[IVQ [ KMQ` QRZLOXjkaYXZk [YTLOkMLOk&R [ KMQQ\ RjQ  "!  &pzU{2m K T`T&a
"eT LX\_QTl\j[ KMQWk LTLX\_QWk_[ L tQ\LO[ KT8T QWZiMQWk a QpXhm8\ LTqT Q]a [ LOXjk&T
1T XpL7QpXhm[ KMQL5P XST~T LZVMNOc` Q\_i aYQ\"[ X TT L k<RjNOQ Q\@RjQz5{2m
QL T`~
LO[ K A & [ KMQ\_LZT~T Q]aY[ L XZk aYXZk&T LZT [ LOk&R
XhmTT LOk&RZN Q Q\ RjQj\ [ KMQWk
< A & 
  &A 
  
  A  J! 
  th_@
KMQW` Qp[ KMQ8\_QWkMXSL LOk T [ Xj`A  J>! L7Q]Tk<T [ K T[ "eP TLO`qTXhmvjQW` [ LUaYQTK TvZQ VQWQWk7L \ QWk_[ L t Q\z_i&LJL T [ LOXjkTku\T LZL PMNOL t aWT [ LOXjkRjLZvjQT
t & A@ e
 AS 
RA 1  '
_XZNv_LOk&R [ KMQ WZi TS\_` T [ LUa7QWZi T[ LOXjkuc_LOQWNX\@T T`R T L kuT O.R [ K T[ LZT T7vjT ` LUTk_[Xhm [ KMQkO R9X`m%Ma KM` (XB\_QW`
k_i&L
VQW`~Tz
nKMQW` QLT.T k TNO[ Q ` k T [ LZvjQTlc [ X7QwMP Tk>\s[ K Q%O.R\kMXZ[p[ XVQmXjiMk>\ L k7XpL[ Q [ TV X_XS§ g©¨}z_QW[
< A&znKMQWk 
TYT[ LZT}t QT T k QWZi T[ L XZkT LL7LON T `[ XJt`_B \
0 A
  &e  Xj` A0  e te  '
eZe
nKMLZTQWZi T [ LOXjk7LTX`m[ KMQT`Rj`YTk&RZQ [c_PQ.Tk>\7LO[:a TkV QNT i&VjVYQlaY[ Q\s[ X LOk@vjQW`qT LOXjk\
§ A  ¨@ ASC ex § 1 J! ¨ ^ e 1e t1`_  #
KMLUa KkRZLZvjQT.[ KMQNt `~T [ ` QWNUT[ LOXZk"XhmP T` [
2Z2z nKMLZT ` QWNUT[ L XZk T NZT X ` QvjQlTNZT T aYXpL
V L kT[ XZ` LUTNa iM` LOXpT LO[c 
[ K Q WZi Tk_[ L [c
x    x0§ A  ¨  ApQWjiTNZT[ K Qpk_i&L
VQW`Xhmx<o[ i PMNOQT
X`mLOk [ QRjQ `:aYXSL PXpT L [ LOXjk&T5LO[ K
Rj` T k>\
[ XZ[ T NT i&L5QWZi TN[ Xx] eSz
 QW[ kMXh AL T`~
vZQW` [ LUaYQT T k>\ "L T`q` QRZL XZk&TznK QWk7th_@V QlaYXpL7QT
< A & 
  & "A
  1 2A & 
   #
KMQW` Q.[ K QmTja [ Xj`  L T `~@T[ KMQ.` QRjLOXZk aYXZk [YTLOkMLOk&R6 "!. &`znKMLZTLTQWji LvjT NOQWk_[
[ X
 e/
8  &  A  e
 Ap  
RA 1  '
 LZZQ VQm XZ` Qj\<
QT QW[   A#8  JBA#8"ATk>\#RjQW[
0 A
   &e  #   A ^ e  e`  _ J! '
nKMLZTLZTpThR_TLOk Tk QWZi T [ LOXjk Xhm[ KMQThRj`YTk&RZQ [c PQ.Tk>\7LOk@vjQW`qT LOXjkRZLvZQT
§ A  ¨   A # ^  ex §I1 %J>! ¨ ^ e  1e 1`_ J* '
R ` XpL5[ K QW` Qj\[ KMQ.QwMPMNOLUaYLO[m Xj`qL T [YT[ Q\ LOk P T` [2Z2` QT i N [qT8V_c Qw [ ` TZaY[ LOk&R7[ KMQ a X Q  aYLOQWk_[pXhm  $ zC Q
` QL T`q [ K T[  %# $ LZTTNZT X [ KMQpk_i&L
VQW`X`m PMNUT kMQp[ ` QWQTX`m [ KMQ  a K `(XB\ QW`[c_P Qj\SVMiMLONO[XZkx) eQw [ QW` kTN
kMX&\_QT [ K T [K TvjQO& L k_[ QW` k T NkMX&\_QT]\MQlTja K Xhm \_QRZ` QWQ 
ut&z
 QW[7i&T T NZT X` QL T`~ [ K T[XZk aYQIQI_kMXh K Xh [ X QWk_i&L QW`YT[ Q+\ LTqT Q]a [ LOXjk&TJ
Q"aWT kuQWk_i&L7QW` T [ Q
RjQ kMQW` T N5Rj`YTPMK<Tz{k>\ QWQ\ \T#Rj`YTPMK"LZT [ KMQT QW[ X`m@LOk_[ Q ` k T Nd\ L T`RjXZk TNZTXhm
TJ\_LZT~T QlaY[ LOXjkPMNOi&T Tk_cT QW[ Xhm
VXjiMk>\ T` cQ\@RjQTz5Y^TpT aYXZk&T QWji QWk aYQj\[ KMQpk_i&L
VQW`XhmRj`YTPMK<TXhmT L	WQx LZT  6ut  OzU{2m [ KMQRj` T PMK
K T`T & Q\ RjQTl\gXhm[ KMQL T` Q LOk_[ Q ` k T N\_LUThRZXjk T NZT:T k>\ &5g T` QNV XZiMk>\MT ` c Q\@RZQTzpo QWk aYQ
Q XpVM[YTLOk
 %# $   $e f M   e  O# e i! T`TpTk"TNO[ QW` k T [ LZvjQ [ X[ KMQ^m Xj`qLiMNUTT [YT[ Q\ LOk nKMQWXZ` QL t&z
   i`f cc ,+:g&fhe$2e*cd#QW[V Q Tk_ckMXZk@o a ` XpTqT LOk&R P T` [ LO[ LOXZk Tk>\ N Q [^VQ [ KMQ8T L	WQ Xhm[ K Q
P T ` [ ! a Xjk_[ T L k L k<R vZQW` [ Qw  ! z nKMQWkIaWT k V QQ k aYX&\_Q\ T`T TJT QWZiMQWkaYQ Xhm7P T ` [ LO[ L XZk&T1T XpL Q Xhm
[ K QL PXpTqT LZVMNOc QL PM[c&W\ZXjk Q8mXj`QvjQW` c P XZL k_[LOk ! z{2mC LZT[ KMQO.RX`mkMXjk@o aY` XpT~T LOk&RP T` [ LO[ LOXZk&T:T k>\
e\_QWk Xj[ QTp[ K Q QL PM[cP T ` [ L [ LOXjk\_[ KMQWk
  ee A2 #
Tku\ X`m@aYXZiM`~T QQ ` Q]aYXhvZQW` [ KMQO.R m Xj`[ KMQT[ T NUTkk_i&L
VQW`~T2T QWQ6§Oelm\¨  \
A2 & 
ue " #
LO[ K [ K QSa Xj` ` QT PXjku\_LOk&R ThRj`YTk&RZQ^m Xj`qLm Xj`   A2 [ KT[` QlTp\@T 0 A  ep J>! z
{2mAL T`q@T vZQW` [ L a QT T k>\ "L T`~@TP T` [~Tl\M[ K QWk
  e/
 4A2
 A &  & 
  9e/




 e  '
elt
uLO[ K 6KA"\M[ KMLZT aWT kIV QN` LO[ [ QWk ThT 6KA@Ye 
  @ eEp~ \ Tk>\IThRZ` Tk<RjQ LOkBvZQW`~T LOXjkIRZLvZQT[ K QaYNUThTqT LUaWT N bpT ` Tlc_Tk T k_i&L
V Q `~T]\
§ A   $ ¨ A # ^> ex ^ x &%_ ^ x&5ueN_ #
[ KT[pTNZT X QWk_i&L7QW` T [ QRjQ kMQW` T NPMNUT kMQ [ ` Q QT XhmT L	WQxb
ue [ KT[K TvZQ &7NOQ]TvjQTz
    U J	N	 
,	G#'
{k"[ KMLZT8T QlaY[ LOXjk\>Q PM` XhvZQ.[ KT[pQlTja K aYNUThTqTpX`m@k Xjk@o aY` XST~T L k<R aYXZk@t>Rji ` T[ LOXjk&TNOQ]TS\@Tp[ X Tk"T`T c@L PM[ Xj[ L aQT [ LZL T [ QpX`m[ KMQ^m XZ`~L
  

 Ux 1 (& # tpS
KMQW` Q   LZT[ K Q k_i&L
VQW`X`mXpVjVYQlaY[~TX`mT L	WQx\ T k>\  #  T ` Q a Xjk_[ QwM[}o}\_Q P QWku\_QWk_[ T NRZQVM`YTLUak_i&L
VQW`~Tz_i a K"QT [ LZL T[ QT:T ` Q^m Xj`LOk&T [ T k aYQmT`L LONOL T ` LOk [ K Q [ KMQWXZ` c X`m[ ` Q Q.QWk_i&L Q ` T[ LOXjk&T%§ _\e]f_\th_M\MtZg¨~z
[XZi&RjKMNOc_\Q]TZa KuXhm [ KMQIT L w aYXZiMk_[ LOk&R RjQ kMQW` T [ LOk&R m iMk aY[ LOXjk&TLZT TkuT NRZQVM`YTLUa#m iMk aY[ LOXjk\ThT
T QWQWk
LOky Q]aY[ LOXZk&T ej\ tM\ d&z {[ LZT _kMXhk [ K T [ [ KMQ7T LOk&Rji N T ` LO[ LOQT7XhmO.RUT \_Q [ QW`qL LOkMQ[ KMQT`T c@L PM[ Xj[ L aTXhm
[ K QWLO` aYX_Q a L Q k [qTzoQW` Qj\5Qª;-K´?¯.±Q´?¯ QwMP QlaY[ NOXMaWT N T L k<RjiMNUT` QwMP Tk&T LOXjk&T.LOk [ KMQ
m XZ`~L Xhm JiMLZT QWi@w
QwMP T k&T LOXjk<T]\[ K T [pLZT[ XJT Tlc7QwMP Tk&T LOXjk&T L k@vZXjNZv_L k<Rm `YTjaY[ LOXjk T N QwMP XZkMQWk_[~Tz O Q kMQW` LUaWT NON c_\@T LOk&RZiMNUT` L [ LOQT
Xhm[ KMQT WZi T ` Qo` X_XZ[ [c_PQ T` Q.QwMPQ]aY[ Q\ \ NOLZjQ LOkIL T k c LZL PMNOLUaYLO[ NOc
\_Qt k Q\Jm iMkaY[ LOXjk<T¥§ _\e]f\¨~zYpNONXZiM`
O.RUTpTP P Q]T `[ X
VQ.Xhm[ KMLZT[c_PQj\&LO[ K T NOX a TN QwMP T k&T LOXjk kMQlT`[ K Q\_XpL7LOk Tk_[T LOk&RZiMNUT` LO[c	
VQWLOk&R
 BAp   M 
  !  eA N' tjgS
nKMQWk T LOk&RjiMNUT ` LO[c T k TNOc@T LZT§Oe]d\¨LZT i<T Q\[ X TZa KMLOQvjQ [ KMQ[ ` T k&T:m Q `.Xhm8tjgSp[ X"aYX_Q aYLOQWk_[~T.NOQ]TS\_LOk&R [ X
QT [ LZL T [ QTX`m [ K Qm Xj`qLtSpz
[pT [ KMQW` [ KTkQw T`L LOkMLOk&R7Q]Tja K a ThT QJT QWPT` T [ QWNOc_\
Q\_QvZQWNOXjPK QW` Q T"aYXpLJL XZkIT [ ` T[ QRjc [ K T[ LZT
Tp\ QWZi T[ Qm XZ`[ ` Q]T[ L k<R T N NaYNUThT~T QT8\_LZT a i&T~T Q\7L kP ` Qv_LOXji&TT QlaY[ LOXjk<T8L kXZkMQ a ThT QZ\_[ KMQ T`~RZi&L Q k [kMQ Q\@T
[ XJV QNL LONX\_NOc ThL Q k>\_Q\&T k>\ LZTT c@T [ QL T[ LUa [ XVQ ThL7QWk T`VMNOQ [ X [ ` Q]T [~L Q k [V_c"T a XpL P iM[ QW`pT NZRjQVM`YT
T c@T [ QL\@KMLON Q P Tv_LOk&R [ KMQTlcm Xj`[ KMQ\_LZT [ ` LZVMiM[ L XZk TNT k TNOc@T QTXhm [ KMQ.kMQw [T Q]aY[ L XZkzV)W  >f     ±«*µ?¯<8j·\´3® / ·=°f±Q« 0¶Q¹*´tª©® ¯±«*µa±v¸"®v´t·f·fµ6Q¸W±Q´f·fµf®.µ6 °f±Q«I«K·f°f®·8%¶Q´tª.-/jµ69¶Q´tª.-/jµ6 8¯ µfµ\·f°® ¯.±Q«*µ6ªQ«a80-ªQ´® ¯ ®v¯±«*µN?3A/ ·°f±Q´?´f·fµB-±Q«98¯«*¶6°f±Q¹*«*®.µ·fªS°%/5µWª®v¯ µ¸?­ªQ«ªµ?­Q² -I® ±©® ¯.°¥·µf® ¯²ª®·$± ¸%®/·3¸±Q´?²
   

 x 1 %&
^ e/
 	
 ex  _ #
/·?´f·  #  ªQ´f·$ªQ¬ ¶·³?´fªQ¯°«¹*²³t·\´fµ%¶Q¯HG©·\«T¯« AªS³?¬ ·M?
nKMQ.ThT cBL7PM[ XZ[ LUaaYXZiMk_[ LOk&R.X`mRj`YTPMK<T ThTXpVM[YTLOkMQ\#V_c% XpL
VTku\T` ` QW[ [§ m\¨ i&T LOk&R% T `~VXji@w T
L Q [ KMX&\ [ KMQ T`T c@L P [ Xj[ LUamXj`~L5Xhm Ma KM` (XB\_Q `pk_i&L
VQW`~T LTpa QW` [YTLOkMNOc k Xhk [ XL Tk_c Tk>\7LZT a N XST Q.[ X
[ K Qm ` T`L QXj`qpXhmuT LZL PMNOQmThL LONOL QT Xhm [ ` QWQTLOk_[ ` X&\_iaYQ\NV c ^ QWLO`Tk>\ ^ X_Xjk5§ th_¨~z nKMQThT cBL7PM[ XZ[ LUaTXhm
[ ` QWQT
T k>\ P T` [ LO[ LOXZk&T aWT kVQ \_LO` Q]a [ NOc XpVM[YTLOkMQ\^m` XpL?QwMPMNOLUaYLO[m XZ`~LiMN Tku\_[ LO` N LOk&R  T T PMPM` XwMLZL T [ LOXjkUz
nKMQPM` QT QWk_[TPMP ` X TZa K.LZTLOk_[ ` X&\_iaYQ\NV Q]a Ti&T Q
LO[KThT[ KMQ5L7QW` LO[ XhmPM` Xhv_LX\_LOk&RTRjNOXSV TNjT PMPM` X_Tja KKMLONOQ
NOQWk>\_LOk&R LO[~T QWN m@kT[ i ` TNONOc[ X T PQW` [ iM`~V T [ LOXjkTk T N c@T LT[ KT[NOQ]Tp\ T[ XO.T i&T~T L T k NUTTz
nKMQRjQWk QW` T [ LOk&RNm iMk aY[ LOXjk&TpaYXZk&T LX\_Q ` Q\T XmT`T` Q6ªQ¬¶j·³?´fªQ¯°|m i k aY[ LOXZk&T]\@L7Q]TkMLOk&R [ K T [
[ KMQWc
T T [ LZT:mc TT c@T [ QL5XhmPXjNOc_kMXpL7L T N_QWZi T[ L XZk&TzR ` XSL aYNUThT~T LUaWTNQWNOLZL LOk T[ LOXjk.[ KMQWXj` c \MT k_cT cBT [ QL aWT kVQ
` Q\_i aYQ\s[ X TNT LOk&RZNOQ PXjNOc_kMXSL LUTN_QWZi T [ LOXjk\
 A # SC"#  9T§ A # ¨ # tjmS
eld
  ¬ ªµfµ  ¹*²3?)GQªQ¬ ¹ · 
<\8 n` QWQT tjm_ g' mpSpp  dtZm
  R Xj` QT [qT e  ' tjt`_ gjf ' jm`_ gp
2 XZkMkMQ]a [ Q\RZ` T PMK&T g  d e' djfZtjdp  gf   tg
   OS` TP K&T g
 _  t eZe2' gpZgpp e_  .e_B
IfZf  t
 
  LZT~T Q]aY[ L XZk&T d
t  t ' jtSh_ t e_  .e_B
IfZf  t  JT ` [ LO[ L XZk&T _ _ ' pSpp e
nThVMNOQ t<pnK Q aYXjk&T [ T k [qT TP P Q]T ` LOk&R7L k[ K QT [ T[ QL Q k [ X`m:nKMQ Xj` QL _>z nKMQW` Qj\   \_QWkMXZ[ QT [ KMQ` X XZ[







1 [ KT[ LZTpkMQ]T `&zOe]t ej\ T k>\I ' Zmh_ gp ` Q PM` QT QWk_[~T [ KMQ QwMPMNOLUaYLO[
TNZRZQVM` T LUapk_i&L
VQW`Xhm5\_QRj` QWQ g QWZi T N [ X  ZtM\&LO[ K   RjLZvZQWk LOk [ KMQ [ QwM[z
Tku\ ` Q\ i aY[ LOXZk [ XT ia KTm XZ`~L L Tlc
VQ TZa K L QvjQ\T c@T [ QL T[ LUaWTNONOcV_c Q L [ KMQW` ` QT iMNO[ T k_[ XZ` O ` X_QVMkMQW`
V T`T LZTQWNOLZL LOk T[ LOXjk5§ elg\¨~zoQW` Qj\XjiM`paYXSL
VMLOk T[ Xj` L T N&T PQ]aYL t a T[ LOXZk&TV QWLOk&R
T LZL PMNOQQWkMXZi&RjK\MQWNOLZL LOk T [ LOXjk
LZTLZLL Q\_LUTl[ Qj\hT X[ K T [[ KMQ m Xj`qLtZmpLZT]\ L ` Q]aY[ N c TvjTLONUThVMNOQm ` XpL P ` Qv_LOXji&T^T Q]a [ LOXjk&Tz
Xjk&T LX\_QW` T PXjNOc_kMXpL7L T NMQWZi T [ LOXjk
 A # S Def M 7 e  AS  e   ' tpS
{[K T`TpLOkRZQWkMQW`YTN [ K T[LZT]\_Qw a QWPM[^m Xj`pT t kMLO[ QT QW[ XhmQw aYQWPM[ L XZk TNUvjTNOiMQT"!\_LZT [ LOk aY[T XjNOiM[ LOXZk&T[ K T [T` Q.[ K QWk T k TNOc_[ LUa^VM`YTk a KMQT X`mTa XpL P N Qw TNZRZQVM` T LUa a iM`~vZQpT Q Qm Xj` LOk&T [YTk aYQ [ KMQ
\_LZT aYi<T~T LOXZk"Xhm[ K Q
 QWLOQW`qT [ `YThTqT J` QWP T`YT[ L XZk nKMQWXj` QL LOk§Oe¨ XZ`$§ tp\¨~z
Y t k L [ Q5T Q [sXhm aWTku\_LX\MT[ Q5T LOk&RZiMNUT` LO[ L QT aWT kVQ \_QW[ QW`~L7L k Q\^T c@T [ QL T [ LUaWTNONOcV_c TRZQWkMQW`YTN_PM` XMaYQT~T
QwMPMNUTLOkMQ\V Q N Xhz nK Q PM` XpVMNOQL LZT [ KMQWk[ X\_QW[ QW`~L7L k QKMLUa K"X`m
[ KMQ QWNOQL7QWk_[~TpX`m T` Q%\ XpL LOk T k_[
T LOk&RZiMNUT` L [ LOQT[ K T [.LZT]\uT LOk&RZiMNUT` LO[ L QT X`m T~L TNONOQT [L7X&\_iMNOi&T  Xhm
[ KMQ
VM`YTk a K[ K T [Sa XjLOk aYLX\_QTNL [ K"[ K Q
aYXZiMk_[ LOk&RRjQWk QW` T [ LOk&Rm i k aY[ LOXZk iMk>\_QW`NT [ iu\_c T k>\LZT [ KMQW` QV_c LX\_QWk_[ L t Q\7V_c"LO[qT.QwMP Tk<T LOXjk T[<z
{kTNONRZQWkMQW`YTNOLO[c \ T i a K T \_Q [ QW`qL LOk T[ LOXjkLZL7PMNOL QTT XjNZv_L k<R T7T Xho aWTNONOQ\IaYXjk kMQ]aY[ L XZkIPM` XSVMNOQL VQW[:QWQWk
VM`YTk a KMQT$§ ©¨}zoXhQvZQW`]\_[ KMQpPM` XpVMNOQLJTiMk>\ QW`paYXjk<T LX\_QW`YT[ LOXZk T` QpXZk aYQL XZ` QT LZL7PMNOQ
QWk Xji&RZK\@T X [ K T [
5aWTksVQ n}t NO[ QW` Q\@rITk>\ ` Q\_iaYQ\ \ LOkQ]TZa KuaWT`T Qj\ [ X T7T LOk&RjNOQ7QWNOQL QWk_[
V_c L QlTk&T Xhm QWNOQL QWk_[YT` c
T`qRji&L7QWk_[~Tz  Qt ku\[ K T [ Q]TZa K RjQWkMQ ` T[ LOk&RImiMk aY[ L XZk   AS K ThT T iMkMLXWZiMQ\_XSL LOk Tk_[ Tk>\PXpT L [ LZvjQ
` QlTNT LOk&RjiMNUT ` LO[c T[T XSL Q ]P  kMQlT`KMLUa K L [T T [ LZT:tQT T k Qw PTk&T L XZk Xhm [ KMQTWjiT` Qo` X XZ[[c_P Qj\
 BApV  M 
  !  e A B ! %& 
  & Ye A @R
 	
q e A B 1 %&  ' tjfS
nKMQWk\8V_c" T`~VXji w TJL QW[ KMX&\§ g_\ e]f©¨ XZ`T LOk&RZiMNUT` L [cITk T NOcBT LZT§Oe]d\¨ \%®v´tª«*µ¸W·?´+m ` XSL'[ KMQ T LOk&Rji N T `QwMP T k&T LOXjk7tjfp[ X a X Q  aYLOQWk_[~TpLZTPQW`~L7LZT~T LZVMNOQ Tk>\
§ A  ¨   AS
 !
 Se jtS  J  x 1 ^ e/
 	# ex  _ # dpS
TNm XZ`~L [ K T[L T[ a KMQT8tppLO[ K    J>! T k>\     ! jt<znKMQ.NUThT [PMK T`T Q Xhm
ThT c@L PM[ Xj[ LUa [ ` T k&T:mQW`pLZTTT [ T k>\MT ` \ XZkMQpz Q [ K_i&T aYXjk a QWk_[ ` T [ Q.XZk [ KMQ.P ` XpV oNOQL XhmT LOk&Rji N T ` LO[c NOXMaWT N L	]T [ LOXjk"T k>\T LOk&RZiMNUT` QwMP Tk&T LOXjk T k>\ ` Qm QW`.[ X [ K Q P T P Q `~TV_c  N T ` kMQ `ST k>\
 X_X&\@
XZ` [ K§ tjt\¨ThTQWNONThTV_cTk@tQWNX\§ \¨Um Xj`V Tjaq@Rj` XjiMku\z
e_
a g&fhe1gNg<+*uf1e WRnKMQ P XZNOc k XpL LUT N QWjiT[ LOXZk BA# p6 "KThTLOklRZQWkMQW`YTN !` X_Xj[~TXZ`
VM`YTk a KMQT#m Xj`T+t&wMQ\ vjTNOiMQ X`m A<z uK QWkI[ KMQ NOQ]Tp\ L k<R aYX_Q a L Q k [ 7   ASvjTkMLZT K QT]\T XSL QX`m [ K QT QVM`YTk a KMQTQT aWT P Q"[ X LOk@tkMLO[c T k>\T ` Q [ K_i&TP XZ[ QWk_[ L T N T LOk&RjiMNUT ` LO[ LOQTz  L k<RjiMNUT` LO[ LOQTL Tlc"Xj[ KMQW`~LZT Q
Xjk N c T ` LZT Q T[P XZL k_[qT AT i a K"[ K T[[ KMQ [:
X QWZi T[ LOXjk&T
BA# pC #  
  
BA# pC 
K TvZQ T aYXSLL7Xjk` X_XZ[ <z8{k[ K LT aWThT Qj\ [:XVM`YTk a KMQT L7QWQW[ Tk>\ [ KMQW` Q LZTpPXpTqT LZVMNOc"T
VM`YTk a KP XZLOk [z
_i a K"P N TZaYQTKMQ ` QVM`YTk a KMQT8L Q QW[pT` Q [ K_i&T?WQW` XpTpX`m[ KMQ ` QT iMNO[ T k_[pPXjNOc_kMXpL7L T N \
NBAp "[ QT iMNO[ ^ % A# p # 
  
 A # S _ ' dMe
Y[ T NONXj[ KMQW` P XZL k_[qT]\M[ KMQW` Q T ` Q$!\_LZT [ LOk aY[8V ` Tka K QT [ K T [ T` Q.Q]TZa KTk T N c_[ L a^V_c  Q L Q `~T [ ` T`T~T PM` Q P To
` T [ LOXjkUznKMQWk\TT iMP Q `~T Q [ X`m[ KMQT Q [pXhmT LOk&RZiMNUT` LO[ L QT
LZT
 "A N Ap  7  BApC 
	 ' djtS
nKMQRjQWkMQ ` T[ LOk&RJm iMk aY[ LOXjk&T XhmkMXjk a ` XpTqT LOk&R aYXjk@tuRjiM`YT[ LOXZk&T.TNONK TvZQ T7` TS\_LOi&TpX`m:aYXjk@vZQW`~RZQWk aYQLOk[ K Q
LOk_[ QW`qvjTN;§  #]e¨pT LOk aYQ[ K QWLO`@a X Q  aYLOQWk_[~TT T [ LZT:m c.aYXSL
VMLOk T[ Xj` L T NVXji k>\@TXhm [ KMQm XZ`~L @       \
m XZ`T XpL7Q @ #  LO[ Ke @   znK_i&T]\ XjkMQ kMQWQ\@TpXZkMNOc aYXjk&T LX\_QW`
4!   A  5 A 5  e 	 #
KMLUa K"Li&T [ aYXjk_[ T LOk T[7N QlThT [7XjkMQPXpT LO[ LvZQ QWNOQL QWk_[ >z J` L k<RpT K QWLZL T[ KMQ Xj` QLGThTqT QW` [~T"[ K T[ T
m iMkaY[ LOXjk7LO[ K"k XjkMkMQR T[ LZvjQaYX_Q aYLOQWk_[~T.LZT^T LOk&Rji N T ` T [ LO[qT `YTp\_LOi&T X`m:aYXjk@vZQW`~RZQWk aYQT§ dMe¨~z 7{2m ! K T`T
aWT ` \_LOk T N LO[cej\ TiMk L WZiMQ\_XpL7L kTk_[ T LOk&RjiMNUT ` LO[c K T`TV QWQ kIm XZiMk>\ &  Q.[ K_i&T.ThTqT i&L7Q.[ K Q.iMkMLXWZiMQWkMQT~T
aYXZk>\_LO[ LOXjk7[ X
VQT T [ LZT:tQ\z
{kuTNONpaWThT QT i k>\_QW` aYXZk&T LX\_Q ` T[ LOXjk\[ K QmiMk aY[ L XZk  BAp` QL T LOk&Tt kMLO[ Q T [LO[~T
T LOk&RZiMNUT` L [c7T LOk a Q
7   @ 4 <z> QT QW[ #  N LZL   AS #
T X [ K T[)#TNZT X7QWZi TNZT [ KMQWZi T k_[ LO[c  M LOk tZgpz nKMQWZi Tk_[ L [c*#sLZT T\_Xji<VMNOQ ` X XZ[ Xhm  # p
Tku\ LO[K ThT[ X
V Q P XST LO[ LZvjQSz{[LZT[ K_i&TpT ` X_Xj[Xhm[ KMQ ` QT iMNO[ Tk_[PXjNOc_kMXpL7LUTN
 S8  [QT iMNO[ 
^  A # S # 
  
BA# p _ ' djdS
1{2m[ K QT Q aYXjk>\ L [ LOXjk&T.T` QkMXj[NT i  aYLOQWk_[l\ T [ NOQ]T`T [ #aYXZiMNX\IVQLZT XjNUT [ Q\ V_c aWT ` QmiMNON caYXjk_[ ` XjNONOQ\sk i o
L Q ` LUaWTNT k TNOc@T LZTXhm  BApmXj` AO9k:# Bz 
c [ KMQRjQWkMQ ` TN[ KMQWXj` c X`mT NZRjQVM`YTLUamiMk aY[ L XZk&T¥§ tS\¨ \MT JiMLZT QWi@w"QwMP Tk<T LOXjkJM Tk7QwMP Tk&T LOXjk LOk [ X
m `YTjaY[ L XZk TNPXh
QW`qT]\ [ K T [
LZT]\ZLOk_[ X P XhQW`~TXhm e, A  @ !  M'KMXjNX\@TNOXMaWTNONOc T [ A  \Sm XZ` T XpL7QL k_[ QRjQW`
5P epz5 i a K T k QwMP Tk&T LOXjkI\_QW` LvZQTpQw P N LUaYLO[ N cm` XpLH[ KMQVMLZvjT` LUT[ Q QwMP Tk<T LOXjk XhmC A # ST[ ##&W\
% A# p  M(M 
  ! M 
  M ! : 
  &(M & 
  !%! :
  M%& : & 
  # dh_@
R<+!% %+!3*+!#4 2#)* ('(%R[)* _#43 #]#3' %+ 2*%& %R< = C2 (T+!#7+!%;< B2*%& _#N2# 2 0! '(T<%]LR< ('( #" %$&(' >)+*-,. 80/21 >)+*-,. 80/341$35 #' LR<+!2&</< ;T'(D  '&+6* +!#* >7,I >8/ZTX ('&D7+!% 3% &#7 (-+-D7+- ;< _  **+!)* )-3 !'(#D < % _#;20+!0*& _%+-9 3!'&+!+! %\$5"%+-D7T!": #-!#LR+-9 < 7$'(2&</*E< 7#4'+ +-1<*_2#4''( %TF#0%\# < 
2#4D=$+-*&#'&+!<;>=?@*BA;#D=$70!C]'&'( &]6 8G:F0#;#*Z*0'O %%R<+!%X+!%%3  *T-+!2G+!!" /?D ! G'*+!)* G!"*I# \2#3!0ETTX C&#
< TX#LN G'E 3< #'O GD %
#FA\'D #76 G4:H
e
  e   eZ  g   Hi e  A     e BA# p    #  ! #   A) *#:  5 #,'
c ThTqT i&L7PM[ LOXZk\  M%M  M !  &zJ` Xhv LX\_Q\ [ KMQ.aYXjku\_LO[ LOXjk\
 M%&54  # dpS
KMXZN \ T]\_[ K QWk"[ K Q \ QWP Q k>\_QWk a cIV Q [:
QWQ k: Tku\  LZTNOX a TNONOcWjiTp\_`YT[ LUa\MT k>\ ThT A  \
 BApV  M 
  !  eA @ ! %& 
 	
q e A Bq #  M  #,#  !   ^ t   ! M M%& _ ! (& djgS
 nK QL LOk_i&T^T LZRjk LOk  !Li&T [V Q TS\_XjPM[ Q\KMQW` QT L kaYQ [ KMQRZQWkMQW`YT[ LOk&R+m iMk aY[ LOXjk LOk aY` Q]ThT QTLO[ K L [qT
T`qRji&L7QWk_[z 
{kT i&LL T` c \YL m [ KMQ:a Xjk>\_LO[ L XZk
dSpLZTTYT[ LZT}t Q\ \Z[ KMQ k [ KMQT LOk&RZiMNUT`Qw PTk&T L XZk
tZfpKMXZN \ T]\jT k>\ [ K Q
ThT c@L PM[ Xj[ LUa m XZ`~LJTXhmaYX_Q aYLOQWk_[~TNtp \ dpp@K TvjQ^V QWQ k"QT [YThVMNOLZT K Q\z5Xjku\_LO[ LOXjk dpSLZTLO[~T Q N mT T [ LZT:t Q\
RjQ kMQW` LUaWT NON c Tku\LT Q]ThT L NOc a KMQ]aqjQ\k_i&L7QW` LUaWT N NOc LOk Q]Tja KL ku\_LZv LX\_iTNaWThT Qpz"nK Q aYX_Q aYLOQWk_[qT LOk [ K QQwMP T k&T LOXjk<TpT` Q [ KMQWk"T N N Qw P N LUaYLO[ N c a XpL P iM[ T`VMNOQpTNZRjQV ` TLUa k_i&L
VQW`~Tz 
nKMQ T`V XhvZQPM` XSRj`YThLL7Q K ThTV Q QWk aWT ` ` L Q\ Xji [m Xj` TNONkMXZk@o a ` XpTqT LOk&R a Xjk@t>RZiM` T [ LOXjk<T\_Qt k Q\ LOk
PM` Qv_L XZi&TT Q]aY[ LOXZk&Tz7XpL P iM[ T [ LOXjk&T K TvjQ
VQWQWkP Q `:m XZ`~L Q\"iMku\_QW` [ KMQ ^"TPMNOQT c@T [ QL m XZ`T c@L
VXjNOLUa
L T kMLOPMiMNUT[ LOXjk&Tl\j[ XpRjQ [ KMQW`LO[ Ks[ KMQ
	"QwM[ QWk&T LOXjk \_i Q [ X MT Nv_c Tk>\LZLJL QW`qL TkMkT§ tjm\¨~z{ksP T`}o[ LUaYi N T `]\[ K Q
	 PTjaqjThRZQ.PM` Xhv_LX\_QT TiM[ XpL T[ LUaWT NON cJiMLZT QWi@w QwMP T k&T LOXZk&T Xhm:T NRZQVM`YTLUa^m iMkaY[ LOXjk<T]\ T
Rj` Q]T[K QWNOP K QW` Qpz
oQW` QLZT TksXjiM[ N LOkMQ X`m
[ KMQ aYXpL7PMiM[ T [ LOXjkJm XZ`[ KMQaWT`T Q Xhm5m XZ` QT [~Tl\>K QW` Q   Ap? \ ASpLZT\_Qt kMQ\
V_c7 eSznK QW` Qj\ T XpL7Q aWT ` Q.LZTpk QWQ\_Q\LOkT Q N QlaY[ LOk&R"aYXZ` ` QlaY[ TNZRZQVM` T LUa.aYXjklVYi&R T [ QT ThL7Xjk&RST [vjT` LOXZi&T
PXpT~T LZVMLON LO[ L QTznKMQV T`T LUaO.R QWZi T[ LOXjk"LZT epznKMQ.` QT iMNO[YTk_[pPXjNOc_kMXpL7LUTN
N AS8\_Qt kMQ\sLOk dMeLZT
m XZiMk>\JL Q]a K T kMLUaWTNONOc.[ X
V Q
N ASC  A 1 2_) djt"A l2A & 
s2A 1  #
KMXST Q.` X XZ[~TpT ` Q [ KMQ m XjiM`TNZRZQVM` T LUapk_i&L
VQW`qT]\
  G# .e2' fZdpjtS#'Oe]t ep #d' _BSjgZf,)
T PMPM` Xw LZL T[ Q N c&z nKMQW` Qm Xj` Qj\ T.i kMLXWji Q \ XpL LOk T k_[5T LOk&RZiMNUT` LO[c Xhm&BApK ThT^V QWQ k"LZT XjNUT [ Q\ \
 !     '" 'Oe]tMep #5_) dZt   l   & 
s   1  ,) '
nKMQ [ KM` QWQVM` T k a KMQT Xhm
[ KMQ aYi<VMLUaRZLvZQ ` LZT QT[A=  [ X XZkMQVM`YTk a K"[ K T[ LT Tk T NOc [ LUa8K QWk A    \
LO[ KsvjTNOiMQ7k_i&L QW` LUaWTNONOc a N XST Q"[ X  ' gjmp e]g \Tk>\[:XaYXjk]V i&R T [ QVM` T k a KMQTJL [ KsvjTNOiMQ e"' tMe_ tjf"T [
A0 >znKMQ QwMP T k&T LOXZk X`m[ KMQ [:X aYXZk]VYi&R_T[ Q V ` Tka K QTT [ T ` [qTpThT
    e A   
  #
KMQW` Q
  _ ddZm 
 edjm    dpmh_   & '9e"' t e_ tjf#    edZm  tjtp  fp e    ZtjfS   & '  ' e_ fZdMeC#
Tku\u[ KMQ \ QW[ QW`qL LOk T [ LOXjksLO[ Ku[ KMQ L LOk_i&T
T LRZk"Li&T [VQ [YThjQ k"m XZ` [ KMQ a XpL
VMLOk T [ Xj` LUTN8O.RznK Q
aYXSL PMiM[YT[ L XZk"aWTkIVQ aYXZk@vjQWkMLOQWk_[ N cV T`T Q\siMPXjk
	 TpT`VMLONOL [c[ X \_Q [ QW`qL LOkMQ Ji LT QWi@w Qw PTk&T L XZk&Tz
nKMQ\ T[ T m XZ`XjiM`T L w
mThL LONOLOQTT` QT i&LJL T ` L	WQ\ LOk nT`VMNOQ t&z
elg
   G 	   
nKMQT L wV T`T LUa aYXpL
V L kT[ XZ` LUTN_[c_PQTXhm5_Q]aY[ L XZk&T.eMdRZLZvjQ` LZT Q [ X
T QvZQWkV ThT LUaP T ` ThL7QW[ Q `~Tm XZ` KMLUa K
O.RUT  BA#8KTvjQV Q QWkm XZiMk>\[ X
T T [ LZT:m cPXjNOc_kMXSL LUTNMQWjiT[ LOXZk&TXhm[ KMQ^m XZ`~L
BA#0#  BA#8"'
nKMQT Q QWZi T [ LOXjk<T]\[ XpRZQW[ K QW`LO[ KT
mQ)L k L [ LUTNaYXjku\_LO[ LOXjk&T PM` Xhv_LX\_Q\ V_c [ KMQ aYXSL
VMLOk T[ Xj` L aTpXhm[ K Q
PM` XpVMNOQLJT]\Sm iMNONOc
\_QW[ Q `~L LOkMQ [ KMQO.RUTznKMQ PM` XpVMNOQL5XhmQT [ LL T[ L k<R.[ KMQ aYX_Q aYLOQWk_[~T
 # $(§ A  1 $ ¨  BA#8
LZT[ KMQ k TV LvjT ` LUT[ Q T`T c@L PM[ Xj[ L a PM` XSVMNOQLkz
nKMQWZi T k [ LO[ LOQT
 # $   # $  #
` Q PM` QT QWk_[%\ LTYaY` Q [ QPM` XpV T`VMLON LO[c\_LZT [ ` LZVMiM[ LOXZk&Tz QW[N T k>\ & VQ [ KMQL7Q]Tk"T k>\vjT` LUTk aYQ Xhm T i a KTI\_LZT [ ` LZVMi [ LOXjk %# $pzNUThTqT LUaWTNONOc_\ [ KMQ\_LZT [ ` LZVMiM[ LOXjk # $LZTT T LX\[ XV Qªµ?­Q²4-®±®v¯°fªQ¬¬ ­«;±Q´?²ªQ¬^ XZ`





 D$ i  # $  e t  
J 
 J %& ! $' djmS
{k Xj[ KMQW`Xj` \ T]\_[ K Q\_LZT [ ` LZVMiM[ L XZk X`m [ K Q `YTk>\ XpL vjT ` LUThVMNOQ  ` QWPM` QT Q k [ LOk&R P T ` T`L QW[ QW`?X [YThZQWk Xjk
kMXZk@o a ` XpTqT LOk&R.aYXZk@t>Rji ` T[ LOXjk&TXhm>T LW Q8x\]KThTT8\_LZT [ ` LZVMi [ LOXjkmiMk aY[ L XZk.[ KT[]\ZTm [ QW`kMXj`qL TNOL	]T [ LOXjk\Y[ QWk>\@T
[ X [ KMQ%O Ti&TqT LUTk \_LZT [ ` LZVMiM[ L XZkm iMkaY[ LOXjkUz0 Q.QT [ T`VMNOLT K k Xh9[ KT[ XjiM`^T QvZQWk ` Qm QW` Q k aYQ P T`YThL7QW[ QW`qT
TNONKTvjQ N TT [ K T [ T` Q ThT c@L7PM[ XZ[ LUaWTNONOc k Xj`~L TN:zRMXZ`V Tjaq@Rj` XjiMk>\LOk@mXj`~L T[ L XZk Xjk[ KMQT Q"Tk T N c_[ L a
[ Qla K kMLXWji QT]\uQ ` Qm QW`^RjNOXpVTNONOc [ X§ tM\Md \&M\Mt ef¨ Tku\ [ KMQ QwMP XST LO[ LOXZk LOk£§ eZe¨ XZ`$§ e_M\&KzMf¨~zV)W  >f     ±«*µ?¯<8j·\´T® / ·¢¸W±Q¬ ¬±¤¯«*¶T-ªQ´tª²#·®·?´fµ! +«¹*²³f·?´_± ¸¬·fªcGQ·fµ¯« ® ´f·f·fµ6 °f±² -±Q«K·\«*®.µ_¯«¸W±´t·µt®.µ6}·8¶j·µ¯«!°f±Q««;·t°®· 8¶Q´tª.-/Sµ 6¥°f±Q²4-±Q«K·\«*®.µ¯«¶Q´tª%- /jµ6¥·8¶j·fµ5¯«¶Q´tª.-/jµ6$´t· ¶Q¯±Q« µ¯«8Q¯ µfµW·f°%+
®v¯±Q«*µ60-ªQ´f®.µ¯ « -ªQ´f®v¯ ®v¯±Q« µM? A/·°t±´?´t·µB- ±«98Q¯ «*¶ 8¯ µf® ´\¯³?¹S®v¯±Q« µ±"G©·\´±S³#"W·f°®µ± ¸5µ?¯ W·x ·fªj°./R/ ª"G©·
²·tª«$  ª«98[G©ª´?¯ªQ«;°t· & ® / ª©®]µWª©® ¯ µ¸?­
N &% x#  & (' x#
/·?´f· % # ' ªQ´t·ªQ¬ ¶·³?´fªQ¯°«¹*²³f·?´fµ¶Q¯HG©·\«_¯ « A9ªj³\¬· ?A/ ·¢¬ª0µ¢ª´t·¯«_·fªj°./_°tª©µW·ª©µ?­Q² -I® ±©® ¯°fª¬¬n­
«K±´?²#ª¬ ?
5Y^TT QWQWkLOk.[ K Q
PM` X_Xhm X`m nKMQWXZ` QL _ \lQ]Tja K Xhm [ KMQaYXjiMk_[ L k<R8O.R  BApK T`TTiMkMLXWZiMQ \ XpL LOk T k_[
T LOk&RZiMNUT` L [c "[ K T[ LT X`m:[ KMQ
T WZi T ` Qo` X_Xj[ [c PQj\T QWQtZgM\ tjfSz nKMLZT L k[ i ` k QWk_[ T LONTl\V_cIT LOk&RjiMNUT ` LO[c
TkTNOc@T LZT]\ [ K T [p[ K QvjT` L XZi&Tp[c_PQTpX`m
kMXZk@o a ` XpTqT LOk&R aYXjk@tuRjiM`YT[ LOXZk&TpTNONXSV Q c T k ThT c@L PM[ Xj[ LUa]m Xj`qLiMNUT
Xhm[ KMQ m Xj`qLtZfpz
Xjk&T LX\_QW`.TP T ` T`L QW[ QW` XN LZZQ [ KMQ k i<L
V QW`X`m
NOQ]TvjQT]\Q\@RZQT]\a XpL PXjk QWk_[~T]\ QW[ a \Tk>\ N Q [   A#8
VQ [ KMQ.aYXj` ` QT P XZk>\_LOk&R
VMLZvjT ` LUT[ Q8O.Rz  iM`RZX TN LT[ X QT [ ThV N LZT K TSN L m [ Q\mXj`~L)X`m [ K Q8T LOk&RZiMNUT`QwMP Tk o
T LOXZk tjgSW\
 BA#8C  M8 
  !2^  e A  &8 
 	# e A &2^~ # dpS
elm
  ¬ ªµfµ6 xªQ´fªQ²·f®·?´ % 2L Q]T k> ' 2vjT` L T k aYQ
n` QWQT]\NOQ]TvZQT _ f &z _p_S_
tp
t`_ d &zOeje
R Xj` QT [qT]\ aYXSL PXjkMQWk_[qT djm  elddZm   
 emh_   & &zOe]mZg elfjteldjgjf 
 tjmZdp    _ mtZmjdS   & &zOe_@
XZkMkMQ]a [ Q\ Rj`YTPMK&Tl\_Q\@RZQT et 
  dt epz djgZg e_ &z tpS
OS` TP K&T]\ Q\@RjQT et 
  tt epz tpZm e_ 
  t &z _ tZg
OS` TP K&TzaYXSL PXjkMQ k [qT m  d m  t &zOeS pth_@Me 
 tSp_BSjt  t &z jfS
 LZT~T Q]aY[ L XZk&T]\P T ` [qT  tt &z mpZm
 t
 &zOe]mZg
JT ` [ LO[ L XZk&T]\_PT` [qT et &z pS
e
 &zOe]tS
nThVMNOQ d<pnK Q aYXjk&T [ T k [qT TP P Q]T ` LOk&R7L k[ K QT [ T[ QL Q k [ X`m:nKMQ Xj` QL &z nKMQW` Qj\   \_QWkMXZ[ QT [ KMQ` X XZ[
kMQ]T ` <z eltMeX`m [ KMQ.PXjNOc_kMXpL7L T N@_) dZt2A  2A & 
l2A 1 z
iMkML m XZ`~L7N c
LO[ K ` QT PQ]aY[ [ X  m Xj`) LOk TTqL TNON kMQ LRZK@V XZiM` KMX_X&\ X`m ej\Tk>\LO[ K &8 #  M 2^ #  ! 2^
TkTNOc_[ LUapT [  )epznKMQ ` Qj\ &8 LT[ KMQ\_XpL7LOk Tk_[5T L k<RjiMNUT` LO[cThTqT i&L7Q\7[ X
VQ.iMkMLXWZiMQX`m  BA#8W\
KMQW` Q3?LZT[ ` Q]T[ Q\"ThTpT P T ` ThL7QW[ Q `z{2mdSpLTRZ` T k [ Q\ \ [ KMQWk\&V_c
T LOk&RZiMNUT` LO[c T k TNOc@T LZT]\
  8 +§ A  ¨  BA#8  28 ^ e
&8 _  ^ e/
 	
 ex ! (&  _ # djfS
m XZ` T XpL Q Tk T NOc [ LUam iMkaY[ LOXjk  2^W\<L [ K T k QW` ` Xj`[ QW`~L5[ KT[LZT
i kML m Xj`qL LO[ K ` QT PQ]aY[ [ X Nz5kML m XZ`:o
L LO[cLZT a ` i aYLUT N@T k>\7LZT8Rj`YTk_[ Q\ LOk TNONRjQ kMQW` T NOL [cV_c [ KMQaYXjk&T [ ` i aY[ LZvZQ a K T ` Tja [ QW` Xhm[ KMQT LOk&RjiMNUT ` LO[c
TkTNOc@T LZT L7QW[ K X \ z _QWQ [ KMQ\_LZT a i&T~T L XZk L k§Oe]d\¨~z 
nKMQ.PM` XpV T`VMLONOL [cRjQ kMQW` T [ LOk&Rm i k aY[ LOXZk X`m X TYT[ LZT}t QT
  8    8    8 Ye ^ & e&2^ _  ^ e/
 	# e x  _ ' 1_BS
nKMLZTL Q]T k&Tp[ K T[  u28 LZT.T
T Xho aWTNONOQ\ n WZi ThT L oPXh
Q `~r>z{kP T ` [ LUaYi N T `]\[ K Q
L Q]T k N   K  e T k>\[ K QvjT` L T k aYQ &   KIK  e
  K  e   K  e & ` QT iMNO[V_c \ Lnº QW` QWk_[ LUT[ L XZk Xhm 2_BSW\@T X[ K T[
% 	  K  e
& e # '    KIK Ye& e   K Ye< e 
 ^  K  e< e _ & ' 1_ e
nKMQWk\V_c Qw [ QWk&T L XZk&TI\_iMQ"[ XlQ k>\_QW`l\[LUa K&L XZk>\ Tk>\ oTk&R X`mS[ KMQ aYQWk_[ `YTN NOLL7LO[.[ KMQ Xj` QL \T
NOLZL LO[ LOk&RO.T i&T~T LUTkNUT m Xj` [ KMQ\_LZT [ ` LZVMiM[ L XZk Xhm X?` QT iMNO[~TNm ` XSL 1_BSz7
T`T LUaWTNONOc_\m ` XpL6[ K Q WZi ThT L oPXh
QW`qTm XZ`~L \ [ KMQk Xj`~L TNOL	WQ\"a K T ` TZaY[ QW` LZT [ LUaNm i k aY[ LOXZk&TO0* 4  J      u       aYXjk@vjQ `~RjQ[ X[ K Q a K T`YTjaY[ QW` LZT [ LUa^m iMk a [ LOXjk XhmTT [YTk>\MT ` \ k Xj`~L TN\k T`L QWNOc  J %& znKMQ.NOLZL LO[NUTu[ KMQ k \_QW` LvZQT T`TTaYXZk&T QWZiMQ k aYQ Xhm [ KMQ aYXZk_[ LOk_iMLO[c[ KMQWXZ` QL m XZ`pa KT` TZaY[ Q ` LZT [ L a m iMk aY[ LOXjk&Tz
Y[p[ KMLZTT [ T`RjQj\ [ KMQ PM` X_XhmX`m [ K Q.[ KMQ Xj` QL LTpa XpL P N Q [ Q\ ThTT X_Xjk"ThTXZkMQ aWT k QT [ T`VMNOLZT K"[ KMQ N L m [ Q\
QwMP T k&T LOXjk dSp]m Xj` Q]Tja KXhm
[ KMQ
T QvZQWkP T`YThL Q [ QW`qT i k>\_QW`.aYXZk&T LX\_QW`YT[ L XZkz nKMQ PM` X_X`m:` QWNOL QT XZk"[ K Q
e
PQW`~L TkMQWkaYQ X`m:TkTNOc_[ LUa ` Q N T [ LOXjk<TpiMk>\ QW`n PQW` [ iM`~V T [ LOXjk<r V_c"TkTi@wMLONOL T ` c7P T`YThL Q [ QW`l\ T PM` XZP Q ` [c[ KT[LZT[ Q]a KMk L a TNONOc
Rj` T k_[ Q\V_c[ KMQ0 QWLOQW`qT [ `YThTqTpPM` QWP T`YT[ L XZk [ KMQWXZ` QL7z
Xjk&T LX\_QW`p[ KMQ NOL m[ Q\JvjQ `~T LOXZk X`m [ KMQ ` QT iMNO[ Tk_[ Xhm dMeW\
N A # ^"[QT iMNO[ ^ % A# #8 #  
  
% A# #8 _ ' 1_ tS
nKMLZT LZTST7PXjNOc_kMXpL7LUTNKMXST Q` QT [ ` LUaY[ LOXjk % A#le K ThTl\V_c"[ K Q\_QvjQ N XZP&L Q k [qT Xhm
[ KMQPM` X_X`m:X`m
nKMQoXj` QL_ Tk>\[ KMQ"aYXpL7P Tk L XZk a XpL P iM[ T [ LOXjk&Tl\ T iMkMLXWZiMQ LZT XZNUT[ Q\` X_Xj[T[6A  >z c [ KMQ7LL7PMNOLUaYLO[
m iMkaY[ LOXjk[ K QWXj` QLBTk>\[ KMQ6 QWLOQW`~T [ `YThT~T PM` QWPT` T [ LOXjk [ KMQWXZ` QL §Oe\tp©¨ \ [ KMLZT ` X_XZ[.NOL m[~Tp[ X T7iMkMLXWZiMQ
` X_XZ[.kMQ]T ` "[ KT[ LZT Tk Tk T NOc [ LUaVM` T k a K &8 X`m T kTNZRjQV ` TLUa m iMk a [ LOXjk\ m Xj`O)LOk TTqL T N NkMQWLZRjK o
VXjiM` KMX_X \7X`m eS
N <2^ #8  # < e 9e"' 1_ dS
nKMQWk\<V_c  QWLOQW`qT [ `YThTqTpPM` QWP T`YT[ L XZk"ThR T LOk\j[ KMQ T k TNOc_[ LUamTjaY[ Xj` L	]T [ LOXjk
BA# p  & 
  !  AS  
  & BAp~  7 A # S #
LO[ K7 ##& 4  \_[ K T [paYXj` ` QT P XZk>\@T [ X TNT WZi T ` Q.` X XZ[T LOk&RZiMNUT` LO[c_\NOL m [~T[ X
 A #  # ^   & 
 :! A # ^  
 &hBA#8~    A# #8 #
LO[ K7 ##,#]e 4 &znK QWk\M[ KMQWZi Tp\_`YT[ L a|m XZ`~LiMNUT c_LOQWNX\@T
  A # ^C et c  ! BA#8     ! BA#8 &  _  &  A#8 6'
{[[ K QWkIT i  aYQTp[ XQwMP Tku\   A # ^kMQlT` <2^ #8LOk Xj` \ QW`p[ XRZQW[p[ KMQ iMkML m Xj`qLmT`L LONOc.XhmT LOk&Rji N T `
QwMP T k&T LOXjk<TdpSW\ KMQWk aYQ QvjQWk_[ i TNONOc \Z[ K QO.Ti<T~T LUT k NOLZL LO[N T 1 z 
O NOXpV T NON c_\_[ K QPM` XMaYQTqT\_LZT a i&T~T Q\ KMQ ` QLZTpXZkMQ X`m%nqT LOk&RZiMNUT` LO[c7P QW` [ iM`qV T[ LOXjk&rKMQW` QXjkMQ K T`T [ X
QT [ ThV N LZT Ku[ K T [[ KMQT L k<RjiMNUT`Qw PTk&T L XZkIXhmST O.R K ThT TITqL X_Xj[ K TkTNOc_[ LUaJV QWKTv LOXZiM`
KMQWkI[ K QTi w LONOLUT` c PT` T`L QW[ QW`  vjT ` LOQT LOk TJT~L TNONk QWLZRjK@V XZiM` K X X&\sXhm eSz
XpL P iM[ T [ LOXjk T NON cZ\_[ KMQPM` XMaYQT~T LZT
T LZL7PMNOQpznKMQTNZRjQVM` T L a m iMk aY[ LOXjk <28 LZT \ QW[ QW`qL LOkMQ\+V c"r5WuzU1_ dpzpnKMQ ` QRjiMNUT` QwMP Tk<T LOXjk"X`m
[ K Q
VM`YTk a K"[ K T[aYXjLOk a L \ QT8LO[ K  T [   e PM` Xhv_LX\_QT[ KMQt `qT [p[:XL XpL7QWk_[~Tz
RMXZ` L k<T [ T k aYQj\ m XZ` Q\@RjQT L kaYXjkMk Q]aY[ Q\ Rj`YTPMK<T]\ [ KMQ TNZRjQVM` T L aSQWZi T[ L XZk LZT epz.nKMQ ` QT iMNO[ T k [
PXjNOc_kMXpL7L T NMLZT5mXjiMk>\7[ X
V Q
N A # ^  & A & tZm
ue & A & 
t@2 uet 
ue2
ItS A   C'
nKMQQwMP Tk<T LOXjk?Xhm<2^ T [   eLZT \ QW[ QW`qL LOkMQ\ V c [ KMQLZL PMNOLUaYLO[miMk aY[ L XZku[ K QWXj` QL \pT k>\ L [qT
aYX_Q aYLOQWk_[qT T` Q
T LZL PMNOc ` T [ LOXjk T Nm iMkaY[ LOXjk<T X`m  ThT <2^.LZT T k TNOc_[ LUahz7nKMQ aYXSL PMiM[YT[ L XZk LZT T`R T L k
aYXZkBvZQWkMLOQWk_[ NOc7K Tk>\ N Q\V_c[ KMQ 	 PTjaqjThRZQpXhm
^"T PMNOQj\
&8C ee  d  ^ eelt 
 edjg  d _ 2 IeR
 ^ ee]t 
 e_p_  d _   e & 
 	
q2 ue 1  '
nKMQ` QT iMNO[^m XZiMk>\sLT [ KMQWk VQT [.Qw P ` QTqT Q\ iMk>\_QW` N XSR T ` LO[ K&L7LUaqoQw PXjk QWk_[ LUTNum XZ`~L\&KMQW` Q[ KMQ
L7Q]Tk
Tku\vjT ` LUTkaYQ.aYX_Q aYLOQWk_[~T Xhm 2_ e` Q]TS\ \ L ` Q]aY[ N c
NOXSR ^ &Ye
&   c_  %	 

e
t '	 & 
 	
  1 C 
 et 
  dt  
 e  & 
 	#  1  '
nKMLZTRjLZvZQT %  !& 
 1& T k>\ '  ! znKMQ\MT [ TNm XZ`[ KMQT QvjQWkP T ` ThL7QW[ Q `~TiMk>\ QW` aYXZk&T LX\_Q ` T[ LOXjk"T` QTNON XSVM[ T L k Q\7L k7[ KMLZTTlc Tk>\JT i&LL T` L	WQ\ L k7nThVMNOQ d<z =*00+!+!#
I$";< C] ('&'("R%%&  G +- 3-+!+! %6 >9:I< R%TX  0;#2#)* ('  * (2 X&# < 










0.5 1 1.5 2
 1 
  & d"A 
It"A &     1 
  & A@Ye 
t 8  



























-0.15 -0.1 -0.05 0.05 0.1
RLZRjiM` QI_> bXZk aY` XpT~T LOk&R aYXZkMkMQ]a [ Q\ RZ` TP K&TI[ XjP\NOQm [ T`YTk>\_XSL'LOk&T [YTk aYQsXhmT LW QeSp K TvZQ T
aYXSL
VMLOk T[ Xj` LUT N>\_Q]aYXSL PXpT L [ LOXjk X`m [ KMQIn a i&VMLUar[c_P QZ\M` QMU Q]aY[ Q\IV_c aYi&VMLUaRZQWkMQW`YT[ LOk&RmiMk aY[ L XZk&TznK Q
aYXZiMk_[ LOk&RRjQWk QW` T [ LOk&RJm iMk a [ LOXjk 2V XZ[ [ XpL NOQm[ T dGo}\ LL7QWk&T L XZk TN P N XZ[pX`m  AS|m Xj`.aYXSL PMNOQwTAp K T`T
TkITNZRjQVM` T L aV ` Tka KP XZLOk [ Xhmp[ K QT WZi T ` Qo` X_XZ[ [c_PQ [ KT[ L ku\_i aYQT T kThT cBL7PM[ XZ[ LUa aYXjiMk_[ Xhmp[c_PQ

 px J 1 (& znKMQmThL LONOcpX`mRjQWk QW` T [ LOk&Rm i k aY[ LOXZk&TV BA#8%)IKMQW` Q I` Q]aYXZ` \@T[ KMQk_i&L
VQW`XhmQ\@RjQT
1VXj[ [ XSLE` LRZK_[7PMNOXj[XhmO A # ^mXj`` QlTNA \5KMQ k  vjT ` LOQTLOksV Q [:
QWQ k ' fTk>\ e2'Oe QwMKMLZVMLO[T
aYXSLL XZkT WZi T ` Qo` X_XZ[T LOk&Rji N T ` LO[c.[ K T[L XhvZQTTk T N c_[ L a TNONOcLO[ K'.\MT mTjaY[[ KT[L ku\_i aYQTT N LZL7L [NUT
Xhm [ KMQO.Ti<T~T LUT k[c_P Q#m Xj` [ K Q k_i&L
VQW` X`mpQ\@RZQT [ XjP` LZRjK_[K LT [ XSRj` T`LT.X`mp[ KMQI\_LZT [ ` LZVMi [ LOXjk7m XZ`
x:"?'' SM\SLO[ K





VXjNOLUaL QW[ KMX&\@TLOk aYXSL
VMLOk T[ Xj` L T NjQWk_i&L7QW` T [ LOXjk<T NOQ]TS\.LOkL T k c.aWT`T QT[ X Q]T`T c\_Q ` LZvjT[ L XZk&TXhmRjQWk o
QW`YT[ LOk&RmiMk aY[ L XZk QWZi T[ L XZk&TznKMLZTXpV&T QW`~vjT [ LOXjk"T PMPMNOLOQTLO[ KT PQ]aYLUTNUT [ ` QWk&RZ[ KKMQW` QT LOk aYQ PMNUTk T ` LO[c
aYXZk&T [ ` TLOk_[~TTku\.[ KMQ8\_LZT [ L k<RjiMLZT KThVMNOQa KT` TZaY[ Q `
X`m vZQW` [ L a QTQWk_[ T L N@T [ ` XZk&R\_QlaYXpL7P XST LO[ LOXjk PM` XjPQW` [ L QTz
Y8TpTS` QT iMNO[]\M[ KMQRjQWk QW` T [ LOk&RNm iMk aY[ LOXjk&TT` QST NON TNZRjQVM` T L a`z5_LOk&RjiMNUT ` LO[c TkTNOc@T LZT
Tku\
T LOk&RZiMNUT` L [c PQW`:o
[ i `~V T [ LOXjkL QW[ KMX&\@T[ KMQWk T N NOXh m Xj`T [ ` T k&T PT` Q k [[ ` QlT[~L7QWk_[[ K T [ LZTTNZT X aYXSL PMiM[YT[ L XZk TNONOcQfº Q]aY[ LvZQpz
YDRj`YTPMK L a TN LONON i<T [ `YT[ L XZk X`m [ K QSa K T LOk LZTPM` QT Q k [ Q\sL k RLRuz@_>z
{[
LZT
a N QlT`[ K T [
T.NUT `~RjQk_i&L
VQW`XhmT LZL LONUT`P ` XpV N QLT
T ` QpThL7QWk T`VMNOQ
[ X [ KMLZT
a K TLOkzU{k&T [YTk a QTpT` Q
NOQ]TvjQTLOkm Xj` QT [qT
Tk>\ LZT XjNUT[ Q\.PXjLOk_[~TXj`5vZQW` [ L a QT
LOkRj`YTPMK&Tdm Xj`5K L a KO.T i&T~T LUTk N TTaWT k
V Q PM` XhvZQ\
[ X KMXjNX\|V c [ KMQ5L Q [ KMX&\@T QL7PMNOXcjQ\ KMQW` Qpzn` QWQTUKMXpT QT5\_QRZ` QWQTT ` Q5VXjiMku\_Q\V_c8T XpL7Qt<w Q\ LOk [ QRjQ ` 
aWT kIV Q QWk_i&L QW`YT[ Q\Jm XZ`pQ]TZa K+t&wMQ\  \ [ KMQWLO`^RjQWkMQ ` T[ LOk&R
m i k aY[ LOXZk&Tp` QL T L k TNZRjQVM` T L a \ Tku\T LZL LONUT` NOc
m XZ` eo` QRji N T ` Tku\ tGo` QRjiMNUT ` RZ` T PMK&TzJ{kTNON[ K QT Q aWThT QT]\T cBL
VXjNOLUaL7QW[ KMX&\@T LOk aYXjk]V iMk aY[ L XZk LO[ KaYXSL PMNOQw ThT c@L PM[ Xj[ LUaT TNONOXh"mXj`.T aYXjk a LT Q Tk>\ iMkML t Q\ a K T ` Tja [ QW` LWlT[ LOXZk X`m:PM` XjPQW` [ LOQT.Xhm` Tku\_XpL
T [ ` i a [ iM` QT]\T
\ LT [ LOk aY[ LZvjQ^m Q]T [ iM` Q X`m
Tk T N c_[ L aa XpL
VMLOk T [ Xj` LUaTz
aiN   	 +    UeGc 3klnmB0~rv  p\mBmvSojo*~rv{vqts=ln%op\rv{BwQz={vkjqI~WS9qtrv|u0qfmvq?p\rvuk9rv~ qfuf{
	
 !0~?9{vkjq9Srv~Wo*q?p\ 	3ln~WI 3kSqxp\j{vkS~Wrvmp\rvq]rp?{vqQ9{v~ Sr#"qfs$"qfr.lnup3p%?pfnm ~r3klnm3uf~WQ{vr.lnwSj{.ln~
lnqfmv{p?wlnmvkQlnS{vkjqas*p?{pylnBp\wQnqfmQ'&%p\jsklnm]kSqno ln{vkrp?Ssj~|+Wqfjqfrp\{.ln~W5p?SsoQn~{vmf
(  8  8   ^
)*+-,/.1032#41567418
9;:3< =>:3< 	 ?@ ABCDE?@F@ GHBIFJKBMLNDO@P'GQDLKGELCP1RS@PT?UDOP1@@ BVL]|%qfr.lnu?p?p\{vkjqf|$p\{.lnup~Qulnqt{.z * WW 
)  +YX[Z\5^]Z\8
97_<`,a<  qtQ{vrpBp?Ssn~QupBln|=ln{{vkSqt~rvqf|%mxp\ojolnqts5{v~$p\mvzQ|oS{v~W{.lnu%qfQj|%qfrp\{.ln~WIcbd\BP1CeVJ
f7;A DEP'CGQB>DEC`1g1@>BIahij * Wk &! WU*l'*** 
) & +YX[Z\5^]Z\8
9[_m<7,a<E97415]onqpErU0sute5]v9[wv<[X<  qtQ{vrpBp?Ssn~Qu?pf9ln|=ln{={vkjqf~Wrvqf|%map\ojoQlnqfs5{v~¥p\mvzQ|%oj{v~{.lnuqfQS|qfrp\{.ln~W  xMQn{.lnWp\r.lp?{vq%qfjqfrp?{.lnS$Sjuf{.ln~WSmfubd#B>P1CVJaf7FA DEP1CGHB>DEC
1g1@>BI yMQqfr.lnqfm
{z |






CBA>B@KLN@ P1GH@KLv ¤~j *W ln9SwQlnu?p\{.ln~QjmasS  
  	¤Qlnqfrvm.ln{\"qsS !"$"qfwqfuMp ~Q{vr#"q?pf * WW S
) ~ +Y$415\pZ\]v97_<nF< 0qf|$p?rv Qm3~¥p\#p\mvzQ|%oj{v~{.lnua|%qf{vkj~Qsln¥uf~|awlnp\{v~Wr.lnufmfbd\B>P1CVJ;f`;A DEP1CGHB>DEC
1g1@B>Iy qtr.lnqfmz' *W} T!&  }l &~
)  +Yqtesm#Z'797w$< 	R CP1>@>R-f7FA DEP1CGHB>DEKL 0qlnsjq ¤~rvsjrvqfukQ{f *Wk j
) k+Yt1s/.9u<E9$415]X$418181Z'179q,a< 9Qj|%qfrp\{.ln~WT~\3p\sjsSqtr%rp?oSkjmfuDLNB@ GQ@a YCGg1@ FCGHDEKL¡¢ * Wk T!
& *>l &~ } 
) }+Y/81sut4[9£¤< zQmv{vqf|m0~\jSut{.ln~pKqfQp\{.ln~jmf$¥vCP1R¦GHB>d# GHd\B@KL$CP'R	 ?BDOGg1Lvh§ *>l ; * WWk !
* & l1* S
) W+Y/`r1¨
9©:3<E9$415]7Z\54\^]v9ª\< =< 0~rvsjqfmf p\rvwjrvqfm%qf{%oqfrv|=j{p\{.ln~WSmfoDLK B@ GH@- YCGg1@FCGHDEKLahh\
 * WW &! }Wl'* ~
)*  +YZ#Z\8
9«< 	PaKP'GQB Rd# GHDEPFGH;¬vBA>CADDEGHI;'g1@B>I;CP'RKGEL




)*  +Y4¯NteZ'79am<E9;415]³w341\t181^Z`9a´F< q?p?rvuk_uf~Wmv{vmlnQp\sj{vrvqfqfmp\jsm.lnjQp\r.ln{z
o*qfrv{vjrvwp\{.ln~p\mvzQ|%oj{v~{.lnufmfmDLN B@ GH@CP1Rf7$3d#GHCGHDEP1Cµq@>;@ GHB>Iah¶QM *WW T! * ~ *l'* k ~
)* & +Y4¯NteZ'79<O914e5]¸·] 23¹6`t[9',a<£¤< lnSWp?r.l {zp?*pfnzQm.lnm~\Kqfjqfrp?{.lnS%jSut{.ln~jmf$¦\V	© ºbd\BP1C
PMDLN B@ GH@ CGg1@ ;CGHDEKL$zQ'- *WW ! *  l T
)*  +Y4¯NteZ'79[m<E934e5]»:UZ\]`eZ'±;pOrU69nF< ]*pfnzQ{.lnuut~|awlnp\{v~Wr.lnufmf½¼ ~Q~ ln6ojrvqfo*p?rp\{.ln~WI *WW} U .jsllnsSpBuk*p?oS{vqtrvmp\rvqapfWplp?wnq¥p?m   0qfmvq?p?rvuk 0qfo*~Wrv{vm *}}} Q3& k e W ~e& *  !
t e
)* ~ +Y7t14\4[9a<  CL7@ B>DE@q?/@ P©@ BCGHBDO@m@'P1@ P1GHDE@O@/RCP\L/@KL73BAKN@ F@LmR>@ P1d\¢@BCGHDEPSM*  * ~Q{vrvq?pf	¤Qlnqfrvm.ln{zj rvqfmvmf * Wk S
)*  +YZ#]]Z9/²c</·<O9/q¹ 4	t18
9/:3</nF<O9[415] w34e.e4e05v9$< 	 ?BDOGg1L7JNBMf7$3d#GH@ B	 ?@ A BC
¤nQ0qfr"u?p?sSqf|alnua9SwQlnmvkjqfrvmf7¼B~mv{v~ *WW 
)* k+YFte]v9[°F<
«<  qtmvq?p\rvuk5wQlnwln~Wrp\ojkQzT~{0~$QS|aw*qfrmvqfQjqfjufqfmfp .¤ CGg1@ FCGQDOC; YP1P?CDEC@f
* Wk* qU
uf~W|%ojrvqfkSqtSm.lnWq%wlnwQln~Wrp\o*kQz6~Y¼ qUp?Ss ¤p?{pp?QS|aw*qfrvm>!





97_m<£ < µqBC'g1DOC$P'd#F@ BCGHDEPSM]u?p\sjqf|=lnuc rvqtmvmf * Wk &Q
)  +Y°qpZ`9_m< 	P1CIGHDEd\P1 GHDEPj1g1@>BI?7¼ pflnmvsSqm jwQlnmvklnj 0~|%op\Qz'®5pfn{vk*p?| * W Q$ ~?nS|%qtmf
)  *+Y°q±/415`[9°F< =²c< 1g©@ B1@ F@L
DEFDEGH@KL^'d\B@KL$LNGHBd\ GQd\B@KL
>;A DEP'CGQDOB@KL7@ G^@KLJNP1 GQDOP#L7CB>DEGg1;@ GHD d\@L




 CGg1@ ;CGHDE>C@¶z *W}U* !& l  * 
) & +Y²/81Z'±Z#849< Qjr;nqfm9o*p?rv{.ln{.ln~jm0j~aufrv~\lnm\"qfqtm s jaufzQunq3DLN B@ GH@[ CGg1@ ;CGHDEKL`h- * Wk !\&&& l &~Q
)  +Y£MZ1p 8
9v,a<E9$415^]»£jtt15v9ª\<[«< "5{vkSq}pn{.ln{vjsSq¥~\3j~QsSqtmylnTrp\jsj~| {vrvqfqfmf¤f7CP'CRDECPbd#B>P1C`VJ
 CGg1@ ;CGHDEKL$z\§ *Wk} ! WWkKl1*  * ~Q
) ~ + mte2
9£¤< 9QS|%qtrp\{.ln~~?]S~Wufrv~Wmvm.lnST{vrvqfqfmf" ¢¬vB @>@>RDEP?LaVJGg1@jGg f`PKJK@ B@ P1>@P!eBFC
¬$#"7@ B[¦@ B>DE@KL
CP1Rq	 ?@A BCDEf7FA DEP1CGHBDOL
 * WW ~!QoSoT~ l  k  jWqfrvm.ln~{v~p\ojo*q?p?r lnMuDLK B@GH@
 CGg1@ ;CGHDEKL !
)  +Y%$t1 2\4[9<E9m4e5]n$Z'41]v9;nF<©u< f7FA DEP1CGHB>DEC&vP1d\;@ BCGQDOP VJµqBdL>yaµqBC'g#L½CP1R¢fg1@ FDEC
f7'd\P1RL ojr.lnSWqfr'Bqfr.p\jM¤qt(B~rv * * W}k 
)  k+Y:#41*)2[9
X<E97415],+psqsqZ#8's4155v9$<  	xKp p\oQnq$o*p?u Wp?q=~Wr{vkSq|$p\QlnoSQp\{.ln~W£~?3qfjqfrp?{.lnSp\jskj~\n~j~|alnu}Sjuf{.ln~jm¤ln~WSqaWp\r.lp?wnqm	af  \BCP#L*- CGg	-^¦eVJKG."-¶\§1 * WW ! * & l1*  k 
)  }+Y:UZ\]`eZ'±;pOrU69nF<E9$415^]34¯Kt1Z'79m< 	©PjKP1GHBRd\ GHDEPGHGg1@F	P1CILNDLFVJF	 ?UB>DEGg1L.]sSsQlnmv~Q
®qfm.nqtz9SwQlnmvkln  ~W|%op\Qz * WW 
)  W+Y:#415Z'2
9[nF<$m< "qfjqfrp\{.lnjSjuf{.ln~WSmf  .¤¦GHd#RDE@KLuDEP¢f7FA DEP1CGHBDOL>y  = =MQ{vjslnqfmaln p?{vkSq|$p\{.lnufmf/ ~? * k  *Wk} != "j0~{pQM9sInj¤kjqp?{vkSqt|$p\{.lnu?pf ]mvmv~Qulp\{.ln~W~? "|qfr.lnu?pjojoI *  l1*  * 
) & +Y:#415Z'2
9$nF</m<  lnojop\rvukQSmfnj{p\rvukI@ukjr10~sjqfr$p\js"3~jkj	;@ B>DECPj CGg1@ ;CGHDE>C P1Gg#I
h§K|  *WWk !&  l &~
) & *+-´/prU0sm4e82 0v9[_m<u< 1g1@½1g1@>BIaVJ3ed#P1 GHDEP#LWmvqfuf~jsqfs "~rvs 	¤Qlnqfrvm.ln{zj rvqfmvmf * W & W 
) & +-« p 39[°F<7:3< µq@ P1@ BCGHDEPT? JNdP1KGHDEP' >?IM]u?p\sjqf|=lnuc9rvqfmvmf *WW Q
tZt
  +! ;0 \'O 2&< ('(2&< 	  DX#''(+- IF 2&<#T
	#! ]0  42" CR'($X#+!%IRD7T3%R%2G+! (+-[ 3 *I,C>;'&3 ;03'(0+- C]#*&+ 3 *IC]Y@>9C>5IJ,*9*9 
; ]5D
  +! ;0 \'O 2&< ('(2&<  HD  G %I '&+!%IR4D7T3%R3+!)* ('(%+!&+-' ]0 >C] 3-+! (3
I89*J   R 0 
  +! ;0 \'( 2&< ('(2&<   HD <
	# HD -TF %I,5I*Q) (3 0 \! 
3'(#TX *I8G*8*8*9"# 5?C# $#> +%":D( 
  +! ;0 '( 2&< G'O2&<   D #23 (2#3'OGIA;#D +- ]0 
#4-32 43
I #23 (2#43'IC]Y.>95I8GC>48& S ]D'(R 0 
  +! ;0 '( 2&< G'O2&<   D#T<+! HD]+-TF#-+!%I) 9*9*JB'O#43 \0 %*32(+!#! %IC]Y1K8IC9,K*9_+#\Y S HD  D  Y*# R 0 
Qr5\_LO[ Q iM`
{ b^[{:Y \> XpL TLOkMQ\_QXZN iaYQ]Ti\&[XMaWZiMQWk a XjiM` []\>J epM\_mp eZdr o r5Mb|Y)Q\_Qw
R ` TkaYQ
,-.-)/0 121+333547698;:67<4 =>:
{~&MbDZth_ fGo gZdjfZf
